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TT is A rational ag ah. cuſtom * 7 
| Thor to addreſs the Public by way af preface 
to the R they exhibit. In theſe ſhart 
compoſitions we ſee à variety that cofreſponds 
7 5 the variety of diſpoſitions that praducet 

them. The timid,” the arrogant, the man of 
conſcious merit, and the man whoſe vanity ſup- 

rted him in the cloſet, but ſhrinks in the a. 
H preſence of his judges, are here ſeen in pur= 
ſuit of the ſame, object, Approbation, It is 2 
matter of very little conſequence. to.caſcertain . 
which of theſe characters is adapted to the author 
of the preſent treatiſe. Not much agitated either 
by hope or fear, he regards the utmoſt applauſe 
thatican attend.the, com ee of an introdue- 
tory book as a thing of ſmall value, compared 
with the internal * which the deſire of being 
extenſively uſeful to the community, cannot but 
give to a virtuous mind. He therefore preſumes 
It to be unneceſſary, as well as indecent, to ob- 
trude on the eye o the public, any of thoſe finel 
conſtructed hints concerning merit, with hi 
1 100 are uſually filled. The importance 


ſubject is univerſally. acknowledged ; it re- 


mains only to mention in this place the method 
he has taken to explain its N and i 
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ntific and dependant in its parts 
AIrOUPT Tt N Röbertſon's lements of Navi 


tion. A work highly eſteemed, and deſerving 
the eſtimation it has met with. If this book had 
been as well calculated for the general purpoſes 
of ſeamen, as it is for the academicał teaching of 
the ſcience of Navigation, the preſent Treatiſe 
would never have been written. But it is too 
expenſive for common purchaſers, and too volu- 


CY ® » 


» wmions! for daily uſe; The diſperſion of the 

ttnbles and of che practical matter, renders them 

diſnicult to be readily come at, and the ſhort ra- 

diuscof the traverſe table prevents its extending 

dat ſight to the uſual*diftance of a day's run. 
Theſe and other ſimilar objections are not offered 

2s affecting the merits of the excellent book we 


of. They are trifling when conſidered in 
at _ though of ſufficient con ſequence in 


cir effects to render a ſmaller work deſirable. 
It is true, that ſmaller works on the ſubject 


-» 


have long been extant. But in theſe, inſtead of 


taking every advantage to employ their ſcänty 
limits in the proper demonſtration of the ele- 
ments of practical navigation, their authors have 

either crouded them with problems of very re- 


mote utility, or leſſons reſpe&ing ſeamanſhip, an 


means than actual practice at ſea. It may readi- 


ly be imagined, that the admiſſion of theſe mat- 
ters muſt occaſion the other parts to be ſhortened: 
and there is a limit beyond which ſeience cannot 


be ſhortened without curtailing ſome of its proofs. 


-- To obtain this limit it was neceſſary to conſider 
the ſudject in a retrograde manner; that is to A 
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for inſtance, it appears from the contemplatiom 
. A that enter into a day's 1 ets. 
ſpherical trigonometry is only wanted in the com- 
Putation of azimuths and amplitudes, for whicty 
reaſon it does not ſeem neceſſary in a compen- 
dious work to burthen the generality of pur- 
chaſers, with the whole of ſpherical trigonome 
try which would be required for the demonſtra. 
tion of theſe problems. And however defireablile 
it may be, that every navigator ſhould 'fundas _ - 
mentally underſtand the principles of the art he 
practiſes, yet it is certain, that the majority will 
not acquire that knowledge. For theſe and 
other reaſons. that will offer themſelves to the 
intelligent reader, and particularly that room 
might be left to treat more perſpicuouſſy con- 
cerning the other eſſential matter, it was thought 
erxpedient to omit the doctrine of ſpherical tri- 
angles. By this omiſſion the contents of the 
work are reduced to the arithmetic neceſſary for 
underſtanding the nature of proportional num“ 
bers and logarithms; the geometry and coſmo- 
SBraphy required for deducing the ſeveral methods 
ok ſailing with their dependanties; and the diſ- 
play or exemplification of + thoſe methods. lu 
theſe likewiſe the intended conciſeneſs was aſcer- 
tained by the ſame retrograde manner of con- 
templating the ſeveral parts of the ſubjecc tt. 
The great difficulty, and perhaps impoſſibility, ' 
of treating proportional quantities with accuracy, 
in any other method than that of Euclid, made 
it neceſſary in this book to ſpeak. only of the pro- 
portions of commenſurables of like kinds or 
quantities expreſſible by number; care being taken 
not to miſlead, the reader, or vitiate his taſte re- 
eee 
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les of parallel 


ſectioni Is rendered 8 8 eh. li 


his method of 
„to which almoſt every a rgumentation, re- 


ſpecking quantity, 1 is ul tely directed, and that 


conſequently its exiſtence 'is*the princip al meta- 


| e hypotheſis on which 15 3 — that 


want However, it mult 


be offi, 9 8 Euclid has pry ſparingly al 5 


ed himſelf of its uſe, cauſe its effect 


in ſome meaſure reſenil et which would ariſe. | 
 from-inerealing'the number of axioms ; but this 
_ reaſon does not ſeem ſufficient to demand the 


like caution in the writer of a compendium. N 


will likewiſe be ſeen, that Theo. 8. of the ame 


ſection, is demonſtrated neither in ſo ſhort, x nor ſo 
elegant a manner as that of, Euclid +, though 


conciſenefs is the on "te reaſon for adopting it, ſince 


it does not require revious eſtabliſhment, of 


0 ne a number of rems as the oy 8 
The third: Section of che uſt Book contains 


the theory and practice of plane ane owetry. 
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ſent might be thought eſſentially i improper, if it 

did not contain inſtructions for the ſolution of 

this problem. A Chapter is therefore added to 
explain one of the methods, which has the ad- 

vantage of being practicable on Gunter's Scale, 
and is ſufficiently exact in all caſes where the 

moon's parallax in altitude is not extremely eat, 
and the diſtance at the ſame time very ſmall. 

The extenſive collection of Tables which fol- 
lows, has * corrected _ great care, as 
well b oy on W. — by the 
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PROPORTION. 


* QUANTTEIEs, which by augmentation may be made 
to exceed each other, are ſaid to be of the ſame kind. And 


quantities of che ſame Kind may de compared with reſpect to 
magnitudeg gte. 


Thus a line and 3 line are quantities of the ſame 


kind, becaliſe öne of them being augmented, may be made to 
exceed he Tome ki * a — ex. ha uperficies are not quanti- 
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II. N a hb quantity, for example a line, be divided into 
any number of 4 btb it is le to aſſume an indefi- 
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rts, of the ſame ach — with thoſe into which tlie given 


ine was divided. And it is likewiſe-poſfible to aſſume an in- 


definitely greater number of lines all differing in length, but 
which none of them be compoſed. Hany xact number of 
the ſaid parts. Quantities of the ſamę ind, which may be di- 
vided, ſo that the aliquot or equal Par hls the Lope, ſhall be equal 

to an aliquot part X the other, are py oe commenſurable : 
but if no aliquot part whatſoever of one be e to any ali- 
quot part . of the om the quantities are ſaid to be 
incommenſurable; Now incommenſuzable quantities cannot be 
expreſſed by numbers : 7 if one of the quantities be expreſſed 


by any,number,, will denote the equal unitsp 
quotp parts e in in we ame ; 0 ſince HE other _— | 
nſiſt 6f aliquot parts of the ſame magnitude with | 
thoſe equal units, no number of them can be equal to or ex- 
ab wenſure . But the error which attends the numerical 


expfeſſion of in commenſurable quantities, may be diminiſhed in 


red degree by taking the aliquot parts extremely ſmall;* 
for which reaſoh va ons bro rn. of quantities is 3 
esüderedtin practioe- What follows in this chapter is 
fore cohfined toſ numbers, or commenſurable quantities ke the 


| fame kind mcafured bythe multitude''of equal units e 
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attend either to their. difference or to, the numbers 
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* 312 other. The firſt * relation is called their 
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ratios and the latter their 
this ratio, in any two numbers, is made uſe of aga/ſkind>ef 
meaſure for the ſame ratio in other numbers. /Numbers which 
| 2 the ſame 1 ar ſaid to be) e that is to ſay, 
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ratio and e, relation of quantities: 
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The antecedent and 'corfequent are cottitinly! feparacet*b 
_ this mark (: Wand betweeredch'cotple'of like ba t 
mark (::) is placed. But when a eries o we ph mn tn 
tinually proportional alike, each ng uantity, 
they are ſaid to he in geometrical een continued pro- 
portion, and the quantities arg ſeparated either by a ſingle dot, 
1 Yor.! the mark (:)b between each : Thug. in the r : 
352812. the numbers 2, and g are antecedents, and. g and zn 
are conſequents 3 and it is gend as 4 is to g, 10: 18.8 to 1 But 
2: 6: 18: 54: 162 are in geometrical rogreſſion, the quan- 
tities 2: 6, 6; 18, 181 54, $4 4362 all in the ſame 
ratio. | 5 
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The following axioms: or. + Gll-evident truths, are. wing 
uſeful in the eee 8 eee * ren 
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From the nature of theſe. negative quantities, it is evident 
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traction of a poſitiye W 84 and the fubtraction of a nega- 
tiye quantity, is the ſame as the addition of, a pofitive quan-: 
tity. And therefore, Whenever negative quantities are re- 
quired, eicher to de added or ſubtrafted, we may ſuppoſe, them 
. and add inſtead of: ſubtracting, or ſubtract inſtead: 
een F ES Em a cs 
To find the logarithm of any number by the table. Seele 
the three firſt figures of the number in the column intitled 
num, and if it conſiſt but of three figures, its logarithm 
will be found on a line with it in the column intitled o. 

If it conſiſt of four figures, ſeek the three firſt as before, 
and the logarithm will be found on a line with them, in that 
column at the head of which the fourth figure is placed. 
But if it conſiſt of more than four figures take the, loga- 
rithm of the firſt four figures, and ſubtract it from the next. 
following logarithm, multiply. this difference confidered;as, a. 
whole number, by the remaining part of the natural number 
:onfidered as a decimal, and the product added to the firſt or 
Fler logarithm, will be the . of the number as re- 

 _ | quired. The logarithm found bythe table muſt, be completed | 

* 55 refixing the index as rege ſhewh. 2 HR 

1 10 find the number of any legarithm, Seek the logarithm, 

- Az the table; the fitſt three ee of the number will be found 
. on a line with it, in the co umn num. and. the fourth at the 

© Head of the column in which the logarithm is placed. Cut off 


t ” 


">. 


Ct 


4 * 


2 many integral figures as may exceed the index by 01 
= we experts to the right hand, if the index exceed 33 but 
jf the index be negative, make the figures a decimal, and by 
5 adding. eyphers to the left if required; remove the firſt effectiye 
figure as many places from the decimal point, as the number 
of J A ß 0» 
But if the logarithm cannot be exactly found in the table, 
take the difference between the two neareſt logarithms to it on 
each fide, and alſo the difference between it and the leſs loga- 
rithm of the two, Add cyphers to this laſt difference, and 
divide by the firſt; and the quotient muſt be adjoined to the 
four figures anſwering to the leſſer logarithm, and will make 
the number required. The value of this number in integers 
or fractions, muſt he determined from the index as before. 
Ihe tables in this work are carried to no farther than five 
Places of figures, which. is ſufficient for all common nautical | 


* n 1 5 ; js ; j ; I 
hs | xa 


$ 


Pon. 


| 
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FF 
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figure, becauſe the neareſt logarithm in the table is * larger 


g 5 Fg a a f ' # 1 4 2 | ' 1 i N 5 . | | 5 
6 F LGGAR IT HMS. 19 
ExaviPLys or Dremat AxITHMETIE's r Looaurr nus. 


AE. is requires e bn by 5769. Ga 
Na 2.20951 e 
5769) bg. 3.7% a c 
934560 ve "5.26063 | 
Here the ſum of the two-logarithms, which is the logarithm 
of the product, is not found in the table; therefore the alk. 
ference of the Nur muſt be taken, namely 
| 97058 Ps . , 
VC 


/ | — + FOE LM RY 
| 


5 1 
Wa alſo the © between the given eros ta tithe i 
of e two; Ne : 
* +970 „ 00 
979 


* 


4 


4 * Fe 


tb | 110 9 
5 add expe 0 did Wi ND former det, >. ; 
5.) 2 60 6 quotient 25785 adioined. wy 4 
Bot in moſt c A 10 are xerformed by wegen da 
it is ſufficient | to wow the firſt four gures, and to ſupp ly the 
other places with 0 rs inſtead of fal the parts by. mea a 
of the differences. Thus the number of the neareſt logarit 1 
or 9346 muſt have been taken; and becauſe the index : 3 
two, cyphers.muſt have been added to Anh the number of 


Ae. 934600. i {> A | * 


10 ro 
eg is required to divide 7462 by KY 1857 „ee 


7642 log. 3.88321 
278 * 2.4444 


Gt 27. 8 1.43917 3 
Here the quotient is a ſmall matter too 7 in the laßt 


than the logarithm ſought. OY | EI by 


It is required to extract the ſquare root of 532900. 
$32900 e., $7 


Square root 730 log. 288832 half. 
D 2 | 


e or O A RI 1 HM 8. OY 
Fin alk . to extract the cube root of 3375. 8 7 
hw gt AS. Br. 3 52827 

hiv Cube root 1 5. 3 1. 17609 cid Cart. 


7 2540 men Wer 120 ewt. of bread in a week, what 


= quantity. will 656 men- conſume in the ſame time? 


As ao ar. co. log. 6. 59860 


; girth Is co 120 log. 2.018 1 wy 
>>. ib os S0 is 8 1 2. 9% I 3K 105 
| To on 5 25 28 oi ” n er e e ER 


In working proportions, 15 8 of the ſecond 5 
tird terms are added, and the logarithm of the firſt ſubtracted, 

- Mhich is. correſpondent with the multiplication and diviſion of 
+ the terms as in the rule of three. But that the whole might 
de performed by addition only, the arithmetical complement of 
' = the logarithm of the firſt term to 10. or unity in the next ſu- 

| perior place, is taken inſtead of the logarithm itſelf, and the 


ſum of 10. is deducted from the total. For it is t that 


| if the difference between any two numbers be added to a third 
+. + number, the ſum will be equal to the difference between the 
flirſt and third added to the ſecond; Thus in numbers, if 8 
be taken from 12, and the remainder-added to 26, the ſum 30 
= will be equal to the difference between 8 and 26 added to 12: 
if therefore 12, or the ſecond, be taken from 30, the ſum, the 
remainder will be the difference between 8 and 26. And { 
likewiſe if the logarithm of 2520 be taken from 10, and this 
remainder be added to any number or numbers, the Whole ſum 
diminiſhed by the e of 10, will be the ſame as if the 
logarithm of 2520 had been originally ſubtracted from thoſe 

numbers. 

The eaſieſt way of finding the arit hmerical complement of a 
number is, to begin at the left hand, and take away every 
figure from g, except the laſt, Wach take from 10. The re- 
mainder ſet down in, order, will be the arithmetical com- 


plement. bes | . 
CCC £4 244) 
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'GEOMETRICAL DEFINITIONS. | 


3 


Solid is that which has OWE; IR; and thickneſs, 


2. A Superficies is that which-bounds a ſolid; that is 


to 25 it hath length and breadth, but not thickneſs. 
111 Line is that which bounds a ſuperficies ; that is to ſay, 
length, but neither breadth nor thickneſs, 


4. A Point is the termination of a line ; that is to ſay, it has "IL 


no part. | 

A line may be conceived. to be produced or r generated by 
the motion of a point; a ſuperficies by the motion of a line 
not carried end-ways; and a folid by the motion of a ſuperficies 


'not carried N eways. 


For all ical purpoſes, 5 ſtroke which is deſcribed on 
any ſupe 7 by the motion of a Nee inſtrument may be 
called a line, notwithſtanding its ſenſible breadth ; for the 
error ariſing from that breadth when extremely ſmall, may be 
neglected as of no conſequence ; and the arguments are not 
at all affected, becauſe they relate only to figures accurately 
mathematical. | 

5. A Right Line is that which meaſures the diſtance between 
its extreme points, as AB. Fig. 1. 

6. A Curve Line is that which does not meaſure the diſtance 


between its extreme points, as CD. Fig. 2. 


A Plane, or plane ſuper ficies, is that whoſe rts are evenly 
© Uiſboled within its bounds, ſo that it has neither cavity nor 


_ *protuberance. 


8. Parallel Liner are lines in the ſame plane, which if Y 
longed indefinitely either way, would never meet or they are 
Jines which have no inclination towards each other ; as ND, | 


7 9. Aa | 


8 s | yl 2 
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. 9. An e is that which is formed by the indirect wenn 
55 of two lines; and its quantity-is meaſured by the mutual i in- 
dlination of the lines to each other at the point of meeting. 

lin o. A right lined i. is that which is formed by two right 

8. 
An angle is uſuall marked by three letters, as the angle 
C, fig. 4 the letter at the angular point being always 
read in the middle between the other two, 
The lines which form an angle are called its l. 
11. When a right line ſtands upon another ri ghe line, ſo as 

to make the angles on each ſide equal, the Aer line is ſaid to 

de a Perpendicular toithe latter; and each of the equal angles is 
called a right Angle. Thus the line AB is perpendicular to _ 

SY and che Mel angles ABC and ABD we right angles. 
OM obtuſe Angle is greater than a right angle. Thus 

* is. an abtuſe angle, Eig. 6. 

13, An, acute Angle is leſs tan A right angle. OE . ak 
an acute angle, Fig. 7. | 
Odbtuſe and acute angles are called oblique a , 

4. A'Cirde\is a plane ſuperhicies, deſcribed y. "the creo 

.. Jon of a x 1755 line about one of its waren points, w 

remains fixed till the right line arrives at the place from — =o 
it fiſt began to move, Or it is a plane ſuperficies hounded by 

A Une, Ang MAAS. a point E it, from which, all right 

Tags af to the bounding line are equa 

_ « The curve line which bounds a 8 js et ps 
8 or Heritbery; and the. fixed, point. ab i 
the revolution was made, is called the Center. Thus AÞ is 
a of og ty of a circle, and.C is the center, Fig 8. 
* right live drawn from the center 12 thy A 
ference 9 * Eirele, is called a Radius as CF. * 1 


. the radii.of the ame circle are "equal. 
A Arc is any part of the circumference. | 1 
ah A, Mt Vine joining the extreme points of any are, is 
FE ed the Chord of that arc. Thys Hl i is the chord of the arc 


5. Wh 
e is e chord, an through the, center = 
2 A 8. 
29 K 72 gent 40,2 eircle i is a line which. 7 the: peri- | 
phery ers cutting it, even 1 prolonged he point at 
he:ger 158 the. Sirgle and the tangent coincide, is 
ot. Conia. Thus IM. is a "rangeat to the cir- 


: Lis de t af cn. Fig. 8. * 
155 ; le 


r 


be drawn from one given point to an 


à cicle is deſcribed by the motion of one foot of a pair of 


55 ou E RT. 1 
Ae: de dieb is dere bounded vy reer gurl Z 


as ABC. 


2, Triangles are nnd from certain relations of their an- 
14 r fate A ripht angle Traigle is that whic ba 
«wn le; as ABC whole'a is 2 rip ht angle. Fl | 
1 obtilfe an gli Niang er ofie 2 angle. Thus 
BC is the angle © obtuſe. Fig: 10. 
= An rute ahl "Triangle s alp its angle adiite z as 


Fig, 11. 


. Qbtuſe — achte anglet triangles are called vblique angled 


| triangles. 


1252 3 Tui hab all ite Ades equal; as DEF. 


oſeeles Gs has two 4 hey way as EFG; 


[p26 An, and FG-are equal. : 
27. A Sguare is a figure rings oor equal right lined ſides, 


and four right angles; as ABCD. Fig. 


28. A Parallelegram is a figure having 5 flluHright lined fides, 


thoſe which are S ne to each other being, parallel and equakz 


; ab f 
. A Ho leh is a T4" wank whoſe YARNS? al right * 


angle es; 4 F. * 16. 
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GEOMETRIC AL PROBLEMS. 


I'T is-taken for granted in Gevinet 3 14 tHat a'righ right line ma 
ot 


given right line may be continued or prolon ed to ah dil 
tance ; and that a circle may be deſcribed: with any giten ra- 


dius. Theſe are tetmed poſtulates or petitions; and tile ſpe⸗ 


culative geometer does not concern himſelf about the manfler 


I which they may be performed; it being ſufficient für bis 
a por urpoſe, that the poſſibility of their accompliſhment de allowed. 


t our practicab intention requites us t6 obſerve; that a right 
line is uſually deſcribed by the edge of a ſtrait ruler; that its 
length is limited by the help of a pair of cothpaſſes;" and that 


compalles about the other, — e 


The right wh, which bound a figure, are uſually called | 
Sides. * 


ven point; that's 


_ 
» = * 


* 1 a 
5 J : N 
; - p 
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al betyeen them being prevouly un to ts length of 
A ogg 


PROBLEM 5 


Ts conſtruct a Triage whoſe ſides ſhall be equal 2 
0 three given right lines; provided any two of the fait 
right lines be lon 172 when taken e than * third or 
"remaining one. Fig. 17. : l 


h. be the given right line. 


Cmnftruttion. Draw the line DE equal to AB. 

From the point D, with the — Bo, deſcribe. 
24 a circle or arc. 

From the point E, with the radius CD, deſcribe. 
kg a Circle or are; ene the former circle in 
25 #2 the point F. 

From F draw right lines to the dend D and E. 
Nei The triangle DEF will be the —_ e 
PRO BL E M „ £02. 
renale a perpendicular from a given point in a given ae 
line. Fig. 18. 

Loet AB be the given right line, and C the point. ; 
| Gur, From C cut off either wa the equal diſtances 
D and CE in the line AB. 185 

From the point D, with a radius exceeding DC, | 
| deſcribe a circle or arc; and from E, with the 
lame radius, deſcribe another circle or arc, in- 

terſecting the former in F. : 
4 Bhs From C, through F, draw the right line CF, 
3 which will be the pexpendicular required. 

.D ation. Join FE and FD, and imaginesthe triangle 
FCE to be raiſed out of the plane a as to revolve on the line 
FE as an axis, till it becomes poſited upon the triangle FCD. 

Then the dee E will coincide with the point D; becauſe 
its diſtance. from the points F and C wg by hs conftruQion, 
equal to FD and CD 

And the triangle F CE vill be equal and congruous * the 
triangle FCD in all _reſpe&ts. _ 

The angles FCE and F CD are therefore equal: and F 0 is 
conſequently perpendicular to AB, (Def. 11.) N 


2 1 I. All triangles are congruous which have ( 7, 
the ſi the one reſpectively equal to the ſides of the other: 
or, (2,) two ſides and the included angle of the one equal 80 
ſpeQively. t. to two ſides and the included angle of the other: 
: or, 


1 4% A! 4 
* of 


+ 7 


OE N N. "=> 


-* > mh (3) one fide and its. two.contiguous angles in the one re- 


pectively equal to one fide and its two contiguous angles i in 


the other: or (4+) one ſide, the oppoſite gies and one conti- 
guous angle reſpectively equal to one fide, the oppoſite angle, 


and one contiguous angle of the other. 

Conſe MI. The angles at the baſe of an iſoſceles triangle 
are —— every iſoſceles triangle may be divided into 
two congruous e triangles, by letting fall a perpen- 


dicular upon the baſe e rom. the * angular Rd formed by the | 


equal ſides. 
e ee UI. 


5 


* 3 


To let fall a e from a given point to a * in- 


finite right line. Fig. 19. 


Let AB de the given indefinite right line, and C the given point. | 


Cora fon, With a radius exceeding the ſhorteſt diſtance be- 
- tween C and the line Ab, deſcribe : 6 circle ot are 
cutting AB in D and E. 5 


' © From the point D, with a radius exceeding the | 


half of DE, deſcribe a circle or arc ; and from E, 


2 4 arc, interſecting the former in 
From E, thro 13 
ing AB in G. 'CG is the perpendicular required, 


Demonſtration. Join CD; and CE, and alſs DF and EF. 
Then if the congruous triangles CEF and CDF be im ined 
to be placed ſo as to coincide, the point E will agree wit the 


88. ; and GE will coincide with ang therefore is equal bs | 


Whence it bel that the triangles { G and CDG are 
congruous, and the angles CGE and CGD are equal. 
he line CG is conſequently | perpendicular hi AB. 


PROBLEM. Iv. | 4 
To biſect a given finite right line, Fig. 200 
Let AB be the given line. N 


Km., With any. radius exceeding the half of AB, from, 


the point. B, deſcribe a circle or arc. 


With the ſame radius, from, the point A, deſoribe 
a circle or arc, interſecting the former in tha 


9 ints C and D. W ALL 


s. required.. 


will biſect the given right line | in 
E 3 


with the ſame radius, deſcribe another circle or ; 


draw the geh ing CF, interſeQ- 


hro” the points C and D draw a x Fo lde, which 


* 


25 OA x. 


„ration. This is f proved from the con nn, N 
en Dat CBD, which 1 mentally applie A other, . 


dale nes AF and EB coincide, and are therefore ud. 1 


a 4 given beit i in a right 1 1 50 conſtruct arghtined 
angle equal to a given right angle. Fig. _ _ 
| L AC de the giyen angle, and DE the given rig 


El: at the point E of which the angle is required to be con 


98 tion will become le 


„ From the point C, with any convenient pon 
deſcribe wade. cutting CA A in F, and CBin G. 
Wich the fame radius, + from the point E deſcribe 
Make KT % 
e to rou raw 
470 The angle KEL will þ the angle 
q 


Wet Ir right lines be Fri from F to G, and 
44 K to 5 the N FCG and KEL will be vane vr 
Fe in the one triangle, will be equal to the 
e in the other, 
500 The ares of equal circles which ſubtend equal 


= lined angles are themnſelves Nutte and 1 e 


To draw a right line paratl to a wen yrs Une, died h 
x point dane the given r e line. Fig. 24 | cou 
Let AB be'the given Tight line and C the 
 Conflrudtion. = rom c to wy point in the line „ dee ths 
. ine 
Draw the line CE, ſo that the angle ECD may 
de equal to CDB; and CE ſhall be parallel to 
Ag as required. 

D ation. The inclination of the line CD to AB, is 
meaſured by the angle CDB. (Def. 9.) And if CD be ſup- 
poſed to revolve fro gy 1 line AB on the center C, its inclina- 

Ker 5 * 51. nh * has paſſed through 
an angular ſpace equal to will 1 
But b = the ltr een it wut then clnclde with 

re CE has no inclination towards AB; that is to fay, - 
10 ft parallel to it. (Def. g.) 

Corollary, When a right line ctoſſes two other right lin 
and makes the plterpate W the two lines o cro 


are 
CHAP, 


* £ 
r 
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n I. 


| 1F a right line ſtanding on another right line makes angles, 
| ol ang angles both together will be equal to two right angles, 

ig. 23. 

Demonſtration. Let the right line CD land upon the right 
line AB forming the an 45 pl. CDB. 1 
Then if the angles CDA, CDB be equal, they will be 

right angles. a, 
But if they be uncqu oli the perpendicular DE from 


2 „ D. 
les CDA, CDB taken toge er, will then be equal 

to all the * es CDA, CDE, EDB. 

ee the an 053. CDE ne are equal to the 

t angle BE z and the angle EDB is itſelf a right gle. 
herefore all the three 1 CDA, CDE, EDB, are 

to two right angles; and ſo likewiſe are the angles C ona, 
CDB taken As od, (Axiom 5. 

Which was to be proved. 4 | 
©. Corollary, The adjacent an les taken together, r bay 
Pat by atiy number of right lines roughly aan on the ſame ſide, 
at the ſame point of a right line e both ways, ate 

: * to two right angles. 


THEOREM. n. 


The vertical angles of right lines which croſs each other 

are equal. Fig. 24. 
on. Let the right Laos 4 „C, croſs each 

ones at Then the vertica * CE AED are equal 5 
and the vertical angles AEC, DEB are alſo eq 
For the angles AEC, CEB, are — to two right | 

angles. (Theorem 0, 

And the angles REC, AED, are together alſo equal to two 
right angles. 

Therefore the angles Ak C, CEB; — — to the 
angles AEC, AED, en en 


. q | 4 * 1 „ 9 * 
| "8 * o o — . - 0 = * Y $4 4 LP 
E 2 And 
1 R 


#4 & 4 & % 


. Which was to be proved. 


cee -- 

5 And 1. from theſe equal quantities be taken the common 

angle AEC, the remaining angles CEB, AED, will be equal- 
(Axiom 2.) | 

But theſe remaining angles ate vertical an les. 

In like manner it may be proved, chat the vertical angle 

-AEC and DEB are equal. | 


i 4 


Nr iI. 


. a right line croſs two parallel right lines, i it e will make the | 
outward angles each 8 to the inward 1 ang on the 
ſame ſide. Fig, 25. 


. Demonſtration. Let the parallel "La AB, CD, be croſſed by 
the right line EF. Then the outward angles EHB, EHA, 
FGC, FGD, ſhall be reſpectively equal to the inward oppo- 


at angles on "the ſame fide EGD, EGC, FHA, FHB. 


1: 0p — ſide, the two lines ſo eroſſęd ſhall be parall el. 


For the angle EHB. is equal to its vertical angle FHA. | 
[Theorem 2.) | 
5 W 8. angle EGD is equal to its alteriiate angle F HA. 
ro 
5 Therefore the outward angle EHB is equal to the inward 
-oppolity angle on the ſame fide EGD. (Axiom 5.) | 
like manner it may be proved, that the outward angles 
EHA, CGF, FGD are reſpectively equal to the inward * 
| res angles on the ſame ſide EGC, AHF, 5 FHB. 5 
Which was to be proved. 
Corollary. If a right line crofling two other right lines make 
the outward angles equal each to the inward penny regs on 


THEOREM lu. 


If two parallel right lines croſs. two, othe paralle] right 
mi the ſpace e between them ell be a paral- 

elogram. we Ms 
85 * Let the parallel lines AB, CD, beicralad by 
the parallel lines -EF, G Ares the ſpace IK Jeb co 
hended between them ſhall be a arallelo ram. Join IM. 
2 or _ r Adee is equal t e CLF; (Theo. 2.) 

he = is equal to the tg Al UF; (Theo! 5 FRcngns 
| UF, e angle AKH. (Theo. 

5 —5 the 2105 e ILM, in the naw, le Ak. is equal to 
the angle AK H, or IKM;'in the-triangl eK KM. (ns 5) 
- The angles IML and. KIM are 20 (Prob. 6.) 

And the fide IM is common to both triangles. _ 
17 15 N A . 


1 
1. 


FEES was to be proved. 


. 1 


60 E O M ET R V. WOT 29 | 


Conſequently, 5, the triangles IKM, - MLI, are congruous; 
{Conſe 1. Prob. 2.) the ſide IK being equal to the fide I. M, 
und the fide IL equal to the fide KM. And by the conſtruc- 
tion they are parallel. 

The ſpace IKLM is 8 a four-ſided ri bt lined, figure, 
whoſe oppoſite ſides are parallel and gags ar is to ſay, it 
is a parallelogram. (Def. 28. 


f 


| "THEOREM "x 


War pins th angle, the three ingles are together cqual 

to two 27's t angles. n 7 0 
ation, Let ABC be the Fes trian de. 2 

Türe one of the angular points B, draw the] ine DE pajat- | 
6 to the oppoſite fide AC. | 
The ang Je DBA is equal to the angle BAC, and the angle 
ok 15 —— to the angle BCA, for they are alternate. 
ro | 
| Wherefore the three angles BAC, BCA, ABC together, 
are equal to all the three angles DBA, EBC, ABC.” And 


_ theſe laſt three are. equal to two right angles. (Coro), to 


heo. 1. 
ee, the three angles BAC, BCA, ABC are to- 
* ual to two right angles. (Axiom 5 
e was to be proved. : 
Corollary I. Two plane triangles which haye two an les of 
the one reſpeCtively equal to two angles in the other, will like- 


* * 
3 = *vFxr 


- Wiſe have the third or temaining angle in the one, equal to the 


third or remaining angle in the other; or | thiy will ped: wag 
angular. on 2 
Corollary IT. In a right angled criangle, the two acute an- 


gles are together equal to a right angle. 


Corollary III. Any two angles of a plane . are to- 
. teſs than two right angles. 1 


en . 


a e rr u VI. eps 


In every plane trian the outward angle 1 by es | 
lopging one of the ale ; is equal to the, Ly Ae; e 
N taken together. Fig. 2 


> Demonſtration. Let ABC. yg the given triangle, whole fide 


Ae is prolonged to D. 


FELL the an les ACB, BCD, are together. equal to. all the 
DB, CBA, BAC; D to 
two two right 5 (Theo. r 114877) 1 87 LOR 


5 1 . £410: N E +1 RY, 


un. ſum take the common angle AO. nd thats: 
cabibing zagie BOD, or the outward angle, will together be 
Equal to the remaining an s CBA; BAC, e e 
8 angles taken together. ene 774 7 

Wks was to be proved. - | 


. 7 x | 
F . Fd 94 
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In every plane triangle, the greater ag is oppoſite the 
m—_— 12. ARC be the es hol * | 
fide AC Jong er than the ſide AB. at ** 
Upon the . AC Lov pang oF formed between 
| be rn Ges wode i plerag AD equal to AB the 

"Nay, the pn Ga BD, the twp Mer oppoſite an- 

ow e is eg nat bo two 
PB, DGB B, of the iangle DR — 1 ; (Theotem 6.) 2 


refore is greater than the an 
2 the.angle ABN in 1 triangle ABD, is 
to the angle ADB, 17.275 2 prob; 2.) 1 conſequen 


* r than the angle DEB, 
Pence the angle ADC is much ba Qik the — 


Ran nes angles are ref) pie * 
EEC AB, of 2 75 trian 1 ae ag 


"as the greater ſide. 
to be proved. . 
Hence a in any n the greater 
2 oppoſe the er angle. j 
Corollary II. nd the fide —_— to equal angles are equal. 
"IE 3375 © 


THEOREM VIE. 


| be” any SH triangle, if 2 n drawn parallel to one * 
its ſides, and cutting the other two ſides, the oppoſite ſegments 
of the ſides ſo cut, hall be in . ſides to which 

5 —_ belong. TR 2. 
benennen. Let ABC be the given triangle, whoſe fides 

are cut” 3 e DE "drawn parallel to AC. 

; Then I ſay BD:BE:: *:BA: BC. 3 
KY Be oath panic BE. N of 

es cut into any number al parts, G 
cee, 7 * — ;- 1 
diviſion draw the lines 4n, e 0, bp. 

1 FAC agen BY in the * o, Me. 6. 


N 


21 


33 
* 


A 


_—_— 


* 


to be proved. 


to the ſides to which they — . G 


. 


bee eee . 
'On the parallel Bnes inmedintely benchth, from each point 


let fall — the perpendiculars d q, cr, bs 


Then the righe angled triangles I d n, deg, cbr; b Ae, will 
be congruous ; (con, to prob. 2.) and the parts Bn, n o, 0p 
pF, will be equal to the be tender n d q, ot, be 10 

uently to each other. hes 4.) 
It will therefore be, as the thonuſe 5 4 of one of io 


triangles is to its W ee n, ſo is any multiple of the 
hypothenuſe, for example B b, to 4 like multiple of the 


ndicular, namely B p, or the part of BF cut off between . 
— the parallel A b p palling through b. (Theo. g. 2 Ti] 
And, As any multiple of B d is to any other multipl 


0 is the equal multiple of B n, correſponding with —— antees - 


dent, to the equal multiple of B n correſp ling with the con- 


ſequent. 
Nen AB may be ſo divided, chat the given. ſegment BD 
ſhall either — a multiple of B d, or indefinitely neat it. Con- 
oeive it to he ſo. divided, BV will Sow * the. Toms, nnltiple | 
ED as BD is df. B d. * 8 1 
ated» BD — Bids. 1 F>. 
= 2 Is to BA another multiple of Bd, ar” an 
80 is *. the equal multiple of B n, correſpond- 
ich the antecedent, |, | 
12 2 the equal multiple of B n, correſponding 
with the cenſequent. a 
Let the ſide BC zo divided i into a like number af 
equal — as the fide BA. From the points of diviſion draw 


diculars m . — 87 By. the reaſoning applied already to 
the ſide BA, theſe parallels will divide BF into a like number. 
of equal parts. They will conſequently; meet the parallels 
drawn from the points of diviſion in BA, and will oagh con- 
ſtitute a right line with its oppoſite; 

And in the ſame manner as the proportion of BD to BA 
was found, it is proved that BEfBC:: BV: BF. 

BE is — in the ſame propottion to BC, as BD to 
BA, or by ing the order of the terms'BD: BE::BA: BC. 
And EC hs 2 leſs BE) is to BC, as DA (or BA leſs BD) 
BC. * or by changing the order of che terms DA: EC:: BA: 


That is to ſay, BD: BE: Da: EC: BA: BC. Which was 


Corollary. If two fides of any plane triangle be cut by a 
right line, ſo that the oppoſite: ſegments may be in proportion 
al the cutting line 


lel to th d ſide, 
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7 from . points A, a, with the . radii BY ab, 
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In „ ns triangles, the fides oppoſe to equal. 
angles are proportional. Fig. z : 


Demonſtration. Let ABC and be be two: ing naring 
the angles A equal to a, B equal to b, and Cequal to eh [Then 
AB: #>:*BC*be:4CAro e 4 öl in, 


Upon tlie ſide AC of one of the/triatigles;/ prelonged i wood! 
;fforh an angle A ſet off the diſtance Ae, equal to che ſide 
28, which in the other 8 „ is oppoſite e Which 
is © dal tothe angle B, 97 oſite the fide AC. 944 ls bn 
om the lame anf le A in the firſt triangle, ſet off A don 
the other adjacent ſide, equal to a b the ſide which in the other 
triangle together with the fide ac already taken, contains the 
an "gh ual to A. nps! 
ene d and the triangles abe and Ad e will be bong 
(Con. te Prob; 2. f 760 ene 7 Nerz 
And by reaſon of the equal angles Je N Abd BCA; the line 
de is parallel to the fide BC. (Corel: to'theof; 3.) 
Therefore (Theor. 8) Ae ta ac): AC::Ad- or a by AB. 
Again, upon the ſide AC, from the angle C, ſet off Cm 
to the ſide ac, which in the other triangle is oppoſite the 
angle b, which is equal to che angle B oppoſite'to the fide AC, 
And From the ſame angle, on the other adjacent fide, ſet off 
Cn equal to cb, the fide Which in the vilieriviangle, together 
with the fide a Already taken, contig ou angle 0 <quab to 


: | the angle '©Þ 1 


Join mn, and the wriangles abe and an lde r 


And by reaſon of the equal angles mi and BAC, the line 


amy iv perl to the ſide BA. (Corol. to theor. 3.) 
"Therefore! (theor. 8) C (or ac): AC:: Cn (or cb): e. 
From which, and the . Ne e it followy 

AB: ab:: BC: be: ea: ca. | 
Which was to be proved. en en now) 


ee aboſe ine . which 


4 equia — a con 5 a20n 49 Sava) angles 2 are 


de beets Eh IIS hn 
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Riche: lined an les are in weirdo to each 3 * * | 
ares of equal circles contained by their legs. Fig. 92. | 


Demomſtration. Let the angles DAE, dae, be ecke and, 
et 2 a &y 


wy 


* 
„ i wt ks ; - 


BC, b e, be deſcribed from the one leg to the other of the an- 
gles reſpectively. Then the angle DAE : the angle da e:: the 
are BC: the arc bc. 1 5 
Conceive the angle DAE to be ſo divided into equal parts, 
that the angle dae may either be a multiple of one of thoſe 
parts, or be indefinitely near it. 116 | | - 
Then the arc BC will be divided into equal ſmall arcs, the 
number of which ſhall be equal to the parts into which the 
angle DAE was divided; (corol. to prob. 5.) and the arc be 
ſhall be the ſame multiple of one of the parts of the arc BC, 
as the _ dae is of one of the parts of the angle DAE. 
Therefore as the number of equal parts in the angle DAE, 
is to the number of the ſame equal parts in the angle dae. So 
| is the number of equal parts in the arc BC, to the number of 
| the ſame equal parts in the arc be. (Theo. 5. ſec. 1.) 1 
But the number of parts in an angle, conſtitute the angle it- 
© and the number of parts in an arc, conſtitute the; are 
itſelf. | | | p | 
Whence, As the angle DAE : the angle dae::the arc BC: 
the arc bc. 2 | Bhs . 
Scholium. In the practical admeaſurement of angles, eve 
circle is ſuppoſed to be divided into 360 equal parts called 
| degrees, which degrees are again divided. each into 60 equal 
| parts called minutes, and thoſe minutes again each into 60 
| equal parts called ſecond minutes, or more commonly ſeconds, 
beyond which the diviſion is ſeldom carried, though ſeconds 
; are on ſome occaſions divided in the ſame ſexagenary manner 


; into thirds, fourths, &c. and ſometimes they àre decimally - 

, divided into tenths, &c. AR t bie 

; POE 7 op © n (> | | 
; „ x. | OI TY 
; We peripheries of circles are in proportion to their radii, | 1 
17 ig. 33. FM | | / | 3 

I | Demonſtration. Let ADBE be a circle, whoſe center is C, 

7 and ad be any other cirole having the ſame center. 5 


Draw the diameters AB, DE, at right angles to each other, 
and by continual biſections of theſe angles, conſtitute an in- 
definitely great number of equal angles meeting in C. The 
periphery AD BE will then be divided into an indefinitely 
e great number of equal parts, and the periphery adbe will be 
likewiſe divided into the ſame number of equal parts. (Theo. 
30.) | e Popul be 
| 9 f 8 F * hs" SHS} . Let 


0 
s 
; 


Let GCA. repreſent: one of theſe indefinitely ſmall angles? 
Then GA will be an indefinitely ſmall part of he periphery 
of one circle, and ga will be a correſpondent'part of the other 
circle. Theſe parts, on account of their ſmallneſs, may be 
taken for right lines; n ie $59, 8 f Fr. 3 
- The triangles GCA, gca, will be iſoſceles, having a com- 
mon angle at C, and thexgfore ſimilar. (Conſect. 2. prob. 2.) 
Whence AC: ac:: AG: ag, (theo. 9.) that is the radius of 
one circle is to the radius of the other, as the part of the one 
| circle is to the part of the other. And the peripheries will be 
in the ſame ratio, becauſe they are like multiples of the parts. 
Which was to be proved. | 


» Corollary, © And: becauſe the n nber of parts in each circle 
contained between any two common radii are equal, the lengths 
of the arcs of different circles, which meaſure equal angles, 
will alſo be as their radii. . 1 


n. 
If any right line touches a circle, and a right line be drawn 
from the center to the point of contact, this line will be per- 
pendicular to the tangent. Fig. 34. al 5 
Demonfiration. Let AB be a right line touching the circle 
DHE, in the point D; and DC a line drawn from the center 
C to the point of contact D. Then the line CD is perpen- 
dicular to A. n e ee | IP 
For if CD be not perpendicular to AB, it will be poſſible to 
draw ſome other 1 65 line from the point C. Which all be 
perpendicular to AB. Suppoſe GC to be the right line. 
Now becauſe the line AB (def. 20.) touches the circum- 
ference of the cirele only in the point D; the point G will 
be at a diſtance from the circumference, and the line GC will 
de greater than CD. NV $3 | 
he line CG was ſuppoſed to be perpendicular to AB: 
whence it follows in the triangle CGD, that the angle CGD 
' being a _ angle, the angle CDG muſt be leſs than a right 
angle. (Corol. 3. theo. 5.) And the fide CG leſs than the 
ſide CD. (Corol. 1. theo. 7.) „„ 
But it was ſhewn that CG is greater than CD, and there- 
fore the ſuppoſition which makes CD the greater cannot be 
true. It is not therefore true that CG is perpendicular to 
o 85 ee eur ls: n 
By the ſame argument it is ſhewn, that any other line drawn 
from C to a point in the line AB, remote from the periphery 
| | | of 


wu 


\ 
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of the circle, will not be perpe pendicular to the t tan! nt, even 
though the tangent ſhould indefinitely continued. | 
A perpendicular let fall froni C to the indefinite tight tne 
AB, will therefore be drawn to a point in AB, which is not 
remote from the periphery of the circle, namely to the point of 
contact D. That is the line CD will be e ad AB. 
_ . Which was to be proved. 


THEOREM: PO 55 


Any two quantities whoſe ſum and eee 
equal to the ſum and difference of any other two quantities, 
ſhall themſelves be equal, the greater quantity in the one 
couple, to the greater quantity in the other; and in like man- 
ner the leſs to the leſs. Fig. 35. 


Demanfiration. Let the line AB repreſent the ſum of two 
quantities, and BC their difference, And let ab equal to AB, 
_ repreſent the ſum of two other quantities, and b c equal to BC 
their difference. | 

Join AB, BC, into one right line AC; alſo j join ab, bc, into 
one right line ac. Biſect AC in D, and ac ind. 

Then AD and DB are the two quantities whoſe ſum is AB, 
- whoſe difference is BC; for BC is the exceſs of AD above 

And ad and db are the two other quantities whoſe ſum is 
a b, and whoſe difference is be. 

Now AC is equal to a c, (by axiom 8 being the ſums of 
AB, BC, and a b, bc, which are reſpeCtively equal. Conſe- 
quently the halves AD, ad, are equal. (Axiom 4.) 

And if the equals AD, ad, be taken from the equals AB, | 
a b, the remainders DB, d b, will be equal. (Axiom 2.) 

Therefore the greater quantity A D in one couple, is equal 
to the greater quantity ad in the other couple, and in like 
manner the leſs DB to the leſs d b, 

4 was to be proved. 


> Ya THEOREM XIV. 


If to half the ſum of any two quantities be added half 
their difference, that ſum ſhall be equal to the greater quan- 
Us but if from half the ſum of any two quantities be taken 

half their difference, that remainder ſhall be equal to the lefler 
quantity. Fig. 36. | 

Demanſtration. Let the line AB repreſent the ſum of two 
quantities AD, DB, of which AD. is the greater. 

Biſect AB in C, and _ A ſet off Ab equal to Dn. 

2 


* 1% 
"I. 4 


—— ' ̃ -d ry 


= TRIGONOMETRY: 
Then b D is the difference of the two quantities 5 for it is 


the exceſs of AD above Ab, which laſt is e ual to 


From AC take A b, and from BC take DBB; the re ainders 
* DC, will be equal. (Axiom 2.) DC thererore is half the 


erence. 


' Now C added to AC, is equal to AD,; and CD taken 


- from CB leaves DB. 


That is half the difference added to half the ſum, is equal 
to the greater quantity ; and. half the — taken from 


half the ſum, leaves the leſſer quantity. 
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LT has already been remarked, (ſchol. to theor. 10) that 
es are meaſured by the arcs they comprehend, andi that in 
r to denote the quantity of any given angle or its meaſur- 
ing are, a circle was ſuppoſed. to be divided; into 360 de- 
grees, every degree into 60 minutes, every minute into 60 
econds; and ſo forth. There are many inſtruments for the 
mechanical admeaſurement of angles, whoſe. principal part is 
a circle, or part of a circle, ſo divided. For if the centre of 
the circle be applied to the angular point, the number of de- 
grees, minutes, &. intereepted between the legs, denotes. the 
quantity of the angle. And in this operation it is obviouſly- 
of no conſequence whether the radius of the circle be larger or 
leſs, excepting only that the diviſions are more diſeernible in 
a larger circle, becauſe an angle is not altered by prolonging» 
or ſhortening its legs, neither is the number of degrees greater 
or Jeſs in one circle than another, every degree being the 360th 
part of the circle to which it belongs. n OOH ING 
But in moſt caſes it is required to find lines or angles; whoſe: 
actual admeaſurement is either very difficult or impracticable. 
Theſe may be diſcovered. by the relations they are known to: 
have to other given lines or angles, a calculation being inſti- 
tuted for that purpoſe. And as the compariſon of one right 
line to another is exceedingly. more convenient and eaſy, than 
the compariſon of a right line to a curve, it has been found 
advante to meaſure: the quantities of angles, not by the 
arc itſelf, which is deſcribed on the angular point, but by cer- 
tain right lines deſeribed about that are.. | 


* 


If 
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If an arc be deſcribed — any right lined angle, 4 
| ri ht line j Joining the extremities of the arc is termed the chord 
of the an Thus the angle BAC being meaſured by the 
arc DE, * right line DE is its chord. Fig. 37. 
If a perpendicular be let fall from one e of the mea- 
| ſuring arc to the oppoſite leg, prolonged if need be, that per- 
pendicular is term the ri ght fine, or more commonly the fine 
8 55 of the angle. Thus the a 95775 BAC bein _— by the 
ua DE, the perpendicular DF is its ſine. . 
Ihe right line comprehended between he Gi; t extremi- | 
ties of the meaſuring arc and fine, is "ga the verſed *. 
. Thus FE ln che mocked Hoe: 1 
If a perpendicular be raiſed upon one of the legs of the 
angle from that point upon which the meaſuring are falls, and 
be continued pl jt meets the other leg, prolonged if neceflary, 
this perpendicular is called the tangent. of the are. Thus P* 
- le BAC being pn by the arc DE, the perpendicu 
is its tangent. . 
| Tas leg nk — .or-:canting the 
meaſuring arc, meets the tangent, is called the-ſecant of the 
angle; or the ſecant of the angle is the longer of the two legs 
_ are comprehended between the _ and — —— | 
Thus 40 is the ſecant. Fig 6 
1 is obvious-that in making ufe efe lines 3 al. 
| ways uſe the ſame radius; becauſe otherwiſe there "would: bs 
- . no ſettled proportions amongſt them. | 
£6 The difference between any angle and go? i is called its bom- 
plement ; and the e which any angle wants of 180 is 
called its ſupplement. he fine, tangent, and ſecant of any 
— angle, are called the ſine complement or coſine, 
1 | tangent:complement,. or co-tangent, and ſecant complement 
EIS or conſecant 0 the angle. to which the ery SR is com- 
a plemental. iii 0 
. {Thus n Bac, 68,40: the] AC: being prolonged 
towards the ſemicircle ED e e, deſcribed on the angular point, 
the perpendicular Ae raiſed: Then the angle e AB is the 
complement, and c Ag is the ſupplement of BAC. And in the 
angle BAC, DF is the ſine, FE the verſed fine, EG the tan- 
55 and AG the ſecant. And again, FA or Df it the co- 
e; eg the co-. t, and Ag the co- ſecant of the ſame 
angle. The ſine of the ne angle c AD is the ſame 
as that of the angle itſelf. mm n 4 10 e ee e. 
From the contemplation of this figure, and the properties of x 
triangles: already nne — 1. ere vr penny that the 
Radius is equal mm 2 F9l "ey 
2 «i he 


=. 


. 


The Sine of.go% : _....... 
| The verſed fine of 9%/. 
The tangent of 459, Vale; 


Our preſent purpoſe does not require an explanation of th 
methods of conſtructing theſe tables, or of finding the fines, 
| tangents, &c. numerically ; but we ſhall mention their geome- 


r NO DR IL. 3. 
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trical conſtruction, it being neceſſary for underſtanding the 


uſe of Gunter's Scale. | | 
The Gunter's Scale is uſually a flat ruler, of the length of 
two feet ; on one fide of which are graduated ſeveral lines, 


which may be termed natural ſcales ; and on the other fide - 


various other artificial or togarithmic ſcales. | 


The fide containing the natural ſcales is divided into two 
equal parts by a line drawn acroſs the middle. One of theſe 


parts is filled with ſcales of equal parts, marked 60, 50, 45, 
40, &c. at the beginning; the numbers denoting how many 
parts of each ſcale is contained in an inch. Theſe ſcales are 
uſed for meaſuring right lines, and are of ſuch various Ten 

i | | or 
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for the convenience of drawng any figure of a larger or ſmaller. 
fize, as may be required. The other Half or part chiefly con- 
| tains ſcales of lines neceſſary for meaſuring angles; namely, 
lines of chords marked Cho. of ſines marked Sin. of tangents 
. marked Tan. of ſemi-tangents marked 8. T. and of ſecants 
marked Sec, this laſt being uſually on the ſame line as the 
ſines, becauſe its graduations do not begin till the ſines end. 

+ Geometrical conſtruction of the ſcale of chords, fines, tan- 
gents and ſecants. Fig. 41. With any radius AB deſcribe the 
quadrant BC, and ere the perpendiculars AD, BE, unlimited 
towards D and E. Divide the are BC into degrees and minutes, 

às the magnitude of the radius may admit, Draw the chord BC. 
Then arcs deſeribed on the center B thro! each point of divi- 
ſion, will divide the right line BC into a line of chords; right 
Iines drawn thro* the ſame points parallel to BA, will divide 
AC into a line of fines ; right lines drawn from the point A, 
thro” each of the ſame points, will divide BE into a line of 
2 e and laſtly, arcs deſcribed on the center A, thro? 
each diviſion of the tangent, will divide AD into a line of 
There are two other ſcales, namely the rhumbs marked Rum. 
and longitude marked Lon, The rhumbs is a line of chords 
conftruSed to a quadrant divided into eight parts or points of 
the compaſs; and the line of lon itudes is a line divided into 
fixty unequal parts, and fo applied to the line of chords, as to 
ſhew by inſpection the number of equatorial miles contained in 

_ # degree, on any parallel of latitude. It will be more proper 
be ate, this line hereafter, „ e half 1 y 
Ihe artificial or logarithmic ſcales, are the line of numbers 

marked Num. of fines marked Sin. of tangents marked Tan, 
. _ of, verſed fines marked V. S. of fine rhumbs marked 8. R. of 
tangent rhumbs marked T. R. a line marked Mer. or meridian, 
and another marked E. P. which ſignifies. equal parts. The 
ufual diſpoſition of theſe lines upon the ſcale, is not in the 
order we have here made uſe of in enumerating them; but it 
will be neceſſary for the reader to have a Gunter's ſcale before 
him, in order to underſtand the following account of them. 
The line of numbers is compoſed of the logarithms of num- 
bers, applied to a right line thus. Let a line of the propoſed 
length of the line of numbers, be divided into two equal parts, 
and thoſe parts again ſubdivided into tenths, &c. as may be 
required. The Jengrh of the line of numbers is from the ex- 
treme 1 on the left hand, to 10 on the right; and in the line 
of equal parts thus prepared, the two halves are conſidered as 
integers; the ſubdiviſions will conſequently 3 
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mal fractions. From che line of equal parts take dee 
0.30193, which is the logarithm, of the number 2, and, fe 


* 
. 


t 
from che extreme 1 on the line df numbers, and it will give. 
* diviſion, marked 2. The 8 3, taken and pes 4 
in the ſame manner, will give the diviſion, 3. And thus by the 
help of a table of Jogarithms, and the ſcale of equal parts, may 
the whole line be divided; becauſe the logarithm of any-num-, 
ber ſet off in this manner, will give its point of diviſion. 
This artificial line of numbers conſiſts of two halves or 
ts; the diviſions of each of which are in effect the ſame. 

o that if the Hrſt ſet of primary diviſions be called 1, 25 3, &c. 
the ſecond or following ſet will denote 10, 20, 30, &c. and if 
the ſecond be called 1, 2, 3, &c. the firſt or preceding ſet will 
denote the decimal fractions . 1, 2, 3 Kc. and the ſnialler - 

diviſſons will be valued accordingly. hrt is to ſay in gene- 
ral, the diyiſions on the right hand half of the line of numbers 
will always denote ten times. as much as the like divifions in 
the other balf, All which, is very lea from what has alteady 


+ - 


cen. treated concerning logarithms... 1... os 
debe line of nu boy [> ck is a table of logarithms, the 
uſefulneſs and accuracy of which-ig greater, the more-nunie- 

I and cxaet che Gixifons. For fass the maltiplication-of | 
, numbers is performed by the addition, of their logarithms, 10 

0 the logarithm, of any number, or the extent from, x 0 dh 5 

5 1 be taken between the compaſſes, and applied towards - 
5 the right hand from any other number, it-will exhibit the ſum 

r of the logarithms of the two numhers: that is, the right han 
point of the compaſſes will fall upon a number which is t 


3 product of the two aſſumed, numbeis. And ſince the, Biden | 

A of numbers is pet formed by the ſubtraQtion;of their logapithms 

c if the logarithm of any number be in like manner taken and 

5 applied to the left hand from any other number. it wall exhibii 

8 the difference of the logarithms of the two numbers; that is, 

jo the left hand point of the compaſſes will fall upon a number 

it which is the quotient of the latter number by. the former, 

0 whoſe logarithm was taken between the co . 28 in which 
caſe, if the left hand point of the compaſſes fall to the right 

0 of 1 from which the numbers begin, the remainder is a poſitive 

+) logarithm, and the quotient is greater than unity; but if it 

L fall to the left of 1, the remaining logarithm is negative, and 

"i the quotient is fractional, or leſs. th 8 ae the former 
quotient. being produced by the diviſion of à greater number 

wy by a leſs, and the latter by the diyiſion of a leſs number by a 

1 greater. Or otherwiſe, ſince all the numbers on the ſcale 

ow Gin from the ſame point, it is evident that the diſtance between 

= y two.numbers will be the —_ of their diſtances from 


I, that: 


eee 

refore the ꝗiſt 
3 WI e ee an comp) th api oth 
* t hand from 1, the tight band poi ut e afl upon the 
quotient, which will de 8 45 than unity 2042 the leſs number 


be taken as diviſor; but ff not it will be the denomitiator 
a fraction w e is 1; or the Td value of the 


hofe 
2 lefc hand. ho ads by 1 + lady extent 
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HW 90-25% amo #0 #4 #7 
i h required-to mujtiply 4.6 by ju. l t xt an th, : 


9255 5 vn, "Fake the extent from x to 7 in 2 "IM 
$3 on 15 on diviſion = 1 5 without altering 
24 ning 


0 Ns the other oh the line to the tight 
hand? It w 5 ph. the he ther 32 and 3 . 1. Ich Ich 
. of a 1 70 * "The pre duct th Geber is fe 


I as Tae robe tbe til? le. 
Take th ene e 1 to i. TOO 
"Reon foo at the Aion of. 36s, and without AT OR 

2 2 . the other to the right: it will fa 
an 8 this e rence it is to * 

that tie mation = 1 "will give the 
ember s in the product WS Arid. 72 neg 
6 2 turn the other 40 ih 
Teſs tha q 6 half bee 


E 


ae een Pol 0 94 $3 _ 7 e 14 


* Multiply-64 by 28. We de gh 
75 Operation.” Find the produt of 67 * 2. ot FO N 
ew; but in the reading it off, place the firft figure two re- 
moves ki Igher in value . * ſcale denotes, becauſe/of oe 


two ſuppoſed decimals. roduR read in this manher will 
be the edu of 64 by 1. hus the right hand point 270 
compaffes with the ear 2. 8; reaches from 6.4 to 17. 05 
e were Noe f feeling off the Art Gxure ln tte 
from the tens plate two temoves higher, vamely, to the 5 | 
of houſe and the F is rei ene 975 F: 


e ©; May 


grunt sean flib tien: To init 1 minen 4 0 


r r i..o@@f@Ciodll©v©*] > A. a= 


0 


ivillon 6 wit 
the opening ok the Pes. WS the otter Hs Fir . 


1841 V sees ren, # 


©7325 Nur f was: A WE $ Ken e 
_Multiply..5.by „ ; 2 

The Operation. Find Ke 8 of. ; by * as © already: 
ſhewn ; but in reading off, place e > Air figure one remove 
lower than the Teale denotes, becau mal .; has 1 | 
taken as a whole nuttiber,” That is, e wh cr: 1. 9. 

Divide 6 by 8 e 7 

Fo Ops ration. MY the « excl go 1 thy 2 in the com>. | 
paſſe es. 4 one f t. at th 


il 

fall on the diviſion 3, which number ed, quotient, 5 5 

take the diſtance between 3 and 6, ànd- r it towards the 
wil 


right. hand from 2, the right hand ping 12 on thanum- 
* ces is the re t 8 erer 28 
54 by 3. br 


148 eration, Baca 12 8015 1 oy 8 gives the lame 
figures in the quotient as174 divided by 8, 55 the e 725 
fm 1, to 8, and ſet it to the left of 17.4, 1 5 quotient Will be 

y near : 2,2, Which call 22, becauſe of the ſuppoſed. decim 
iu ha diyidend, | Or otherwiſe, take the 5 ween 8 and 
17 4, and ſet it to the right hand * I, APR will be 


2,2,; as before, 0 850 p H 
re 90 0 
The Operation. The extent pete I 3 2 * taken, 


and ſet to the left of 6, falls without tlie ruler; but becanſe 


both"the halves of the ruler are perfectly alike, ot it from the 
ſce6hd 6, and the left foot of the compafſes will fall at 83 0 
the left of 1, Which being a decimal 3 muſt be read 
But becauſe we have fuppoſed a decimal place in the diviſor, ! 
which is not ſueh, the quatient will the 
wiſe; take the di between 72 and 6, with ſet to the 
right hand from 1, gives 127 the denominator of à fraction 
ſe numerator is 1, that is 2 Fa, e valde ds ſome⸗ b 
wut mord than jz gu 


> Vis FR 


"But the chief uſe of this link of POE is in ion 
Fot fince every couple of numbers which We 9 — lame . 
quotient by dividing the conſequent by the ' antecedent, AS any 
other couple in like” manner rroduces, is. in the 255 ro 
and ſince the quotient of two Rügibe S gn Guſnes 


dejioted © dy the diſtance between them, it 0 gy 5 VE 
6 with 


coupl e f 14 on Gunter” 8 line, is in th 1 5 ratio wi 
any other couple, the terms of ly are di ſtagt b y/ an 0 
iel with the forme ace they be Wan „e ſame, 
Way; 1 "that is, if the an * couple be to the right 

or 


883. Or cher: 


— 


„ TRIGONOMETRY. 
or left hand of its conſequent, ſo likewiſe muſt the antecedept 
in the other couple be on the ſame hand or fide of its con- 


9 * 
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I 2 od (ne het 
JJV 
Example, It is required to find a conſequent to the number 

86, 0 which-it thall.be. in che ratio of 3% 6. 

De Operation. The extent from 3 to 5 being taken, ſet one 

foot of the compaſſes at the ſixth diviſion beyond the firſt 8, 


G 


 _  conffideted-as $0, and ſet the other towards che right hand, 


we f hag tp the tight hand of three, and it will fall a little 
1 d. number 143. 9 ' 2 h . ; ; | 5 wht 
The line of ſines conſiſts of the logarithms of the fines of 
degrees and their parts, laid off from the ſcale of equal parts, 
ns was before explained in the conſtruction of the line of 
numbers, with this difference only, that for convenience its 
diviſions are laid off from the right hand extremity, by the 
arithmetical complements of the 5 this. It is uſeful for 
9 eee Which che ſiges enter. 
Tue line of verſed, ſines conſiſts of the logarithms of verſed 
ſines, and is conſtructed from the ſame ſcale. of equal parts. 
But it is numbered in the contrary direction, the numbers ex- 
v7 the ſupplements of the verſed fines againſt which they 
tand. The uſe of this line is ſimilar to that of the fines, but 
it is not wanted in any of the operations of plane trigono- 
1 8 1 Hp (% 73 


$1.4 1 A” * 
4 1. 1 4 


metry. ae, agi ier tn 
The line of tangents conſiſts of the logarithms of the tan- 
gents, laid off from the tangent of 45˙, in the ſame r 


as the fines. But it is numbered backwards as well as for- 

wards, becauſe the ſame diviſions, which by counting forwards 
ſerve for the degrees and minutes under 45% do likewiſe ſerve 
by counting backwards for the degrees and minutes equally 
diſtant above 459. For the radius or tangent, of 45% is a 

geometrical mean proportional between the tangent and co 
tangent of any angle, as is evident from the following proof. 
In fig. 46, EG is che tangent of the angle BAC, and eg is its 
co: tangent; that is, the tangent of an angle as far remote from 

45 on the one ſide, with reſpect to exceeding or falling ſhort, 

2 BAC' is on the other, Now in the triangles KA and 

88 at E and e are right angles. The angles 
GA. „ EGA, are together equal to a right angle. (Cor = 
2. theor.'s.) And by the conſtruction of the figure the 45G 
GAE, e Ag, are together equal to a right angle. Fram each 
ſum take" away this common angle GAE, and the remaining 
angles EGA, e A g, will be. equal. Therefore * (Cs 1. 
thes. 5.) the triangles EAG, eR g, are fimilar. ,Whenge 


7 


(theo. 


as radius to the contangent. 


9 Li 
y 8 8 4 

| q 1 0%. ; r= 

* © . BY ” 4 7+ 1 1 7 * * ” 88 1 1 «+ * 3 
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and AE, interſecting the ſides BC and. AC prolonged; and ic. 
is obvious that BC will be the fine of the angle BAC, and 


* 


TRIGONOMETR:Y: 4z; 
(theo; 9.) EG: EA:; e Azeg. That is the tangent is to radius, ip 
It follows therefore from the ' nature of / theſe, lines of 
logarithms, that the diſtance between the tangent and radius, 
or 45%, will be equal to the diſtance. between radius and. the 
contangent. So that if the line of tangents were continued 
beyond 45®, the divifions would be exactly the ſame, but in a 
reverſed order, as thoſe which precede 455. Whence it is ob- 
vious, that the purpoſe of ſuch a continuation may be anſwered 
by counting the diviſions back again. But it is to be remem- 
bered, that with reſpect to the poſition of the antecedents and 
conſequents, the higher part of the line of tangents is to be 
conſidered as if it were really continued forward, towards the 
right hand, and therefore every ſuperior number muſt be ſup- 
5 to lie to the right of an inferior, as in the other part of 
. ns; l ee 34 aa "72 20 5 
_ The lines of meridians and of equal parts are uſeful in the 
conſtruction of charts, according to Wright's, or as it is, 
commonly called, Mercator's Projection. It will for that 
reaſon be proper to defer the explanation of its nature and ap- 
plication, till we come to treat of the principles on which it 
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- PLANE TRIGONOMETRY. 


IN every right angled plane triangle; if the hypothenuſe 
be aſſumed as radius, the ſides containing the right angle will 
be the ſines of their oppoſite angles: or if one of the ſides con- 
taining the right angle be aſſumed. as radius, the hypothenuſe 
will be the ſecant of the acute angle contiguous to the aſſumed 
fide, and the other ſide will be the tangent of the ſaid acute 

Demunſtratian. Let ABC be the given i * 
Wich the hypotbenuſe AB as radius, deſcribe the arcs BD 


Nui 9 


1 
. 


that AC will be the fine of the angle ABC, 


1 


„ TRIGONOMETPRY,' | 


—— be taken as radius, and che are CF he üeberbel, 
it is likewiſe evident that BC is the t, and AB the . 
cit of the angle BAC, which, is ce to the afumed 


be AC. 
Ang dy the like Wtteülng⸗ g BC as radius, AC is 
ben t e and A . ſecant of the et ABC. 


l 42 es 
— 1 Ws to 
1 wa * dan at 8 H E 0 1 E * 7+ + Wh 


triangle, the ſides are in proprio tothe: 
e angles. Fig. 43. 1 
neee, Let ABC be the given triangle. | 
Aſn? BC, one of the fides, as radius; fr ak AY 
| of which h let fal the . BE, C on the other 
i THE If need be : 
ane of theſe two ſides, from the angle A, not al as 
4 B05 r to BC, and let fall che perpendi- 
| als TG on the other 
New DCs the fine of the 2 ABC; BY iv the AC of 
this angle BCA; and FG is the lime of the unge HC, 66 WO 
common radius BC. 
And the triangles AF G, ABE, and ACD, are FIR for | 
they are all right-angled, and have a common angle A, (Co- 
_ rollary 1, to theor. „and ſchol. to theor. .) 5 
It will therefore be, As AF, or its equal BC, is to FG, ſa 
is AB to BE, and ſo.is AC & Ch. tos 9.) 
Or, 2 more fully, 
| to ne of its Res an le, "a | 
So is AB, the ſide, 15 
To BE, the ſine of its oppoſite angle. 
And ſo is AC, the fide, 
To CD, the line of its ohaokits angle, 
DASH Which Was to be e 5 5 rep i | 


e por eee Mk, >> 
1 e plane triangle, the ſum of any two ſides 10 be their 
5 


7 


rence, as the tangent of half the ſum of the angles niot in- 
© cluded between the two aſſumed fides, is to the tangent of half 
the 7, nee of thoſe angles. Fig. 44 
ation. Let ABC be the given triangle 
be the * ſides. IE. na one of pe an 


* 
es A. from the 3 B, formed between them, till 75 
is equal to the otlier I 0 fide EC: "AD will chen be the 


ſumrof the two ſides AB C. 


* 


oa 


dies 


. of the ſame two ſides; 
above the half ſum AF... 


| above Fi 55 BAC, * or it 


po uded between the e e an 
5 


'DF, or, Ralf the um of the Bl and BC, is to Fg or 


, >The! eve ery, plane trist le, the baſe or Iongeſt longeſt 
f.the WY gs, as the difference of the legs js to 15 Ae 


r R LGN Rr. 1 
iſe I d 
ee eee 


Draw the right line CD; "which biſe& in E. D 
BE . Lb, and partie & FE thro! 420 point B, dw BG. 


if fon Bb 
ol na OT e BUG, js pale co AG aids 


le ADC proportionally. (Corol; to Then.:$. The ae 
550 ; is thereforg eq to the angle DAC. e ba! 

The angle wr is "Ne * the ſum of the N] internal op- 
polite an «BAG and BO bbb hay bi Aad by reaſon of 


the congruity. of the, rang D Es che angle 
is equal to half that ſu 


* e the CA, | 


ns A Sly. 129. 3 
le CBE. is half the differencn betmenm dhe 
for it is * ſOef daf their 


* 15 by 
% 


ſum 


The angles BED and BBE being RO in Fer 
ie BBE and CBE, the line BE sprependicuar to DC. 
(525 7 11.) If BE then be taken as radius, ED will b& tha 


t of th DBE, or half am the 
— . e angle . alf the ſ Ire Angles ney not 
of the angle G BE, or half the difference-of the ſame angles. 


fore b { 2 nd DE of the triangle 
DEF, ac eagle. he ; 6 arallel to EE, it will bom 


the difference of the ſame des 3 ſo is ox the tangent o 
half the ſum of the angles not included hetween TO - 
GE, or the tangent of half their difference. (Tbeo. B. %% 
But! ſinee holes . e denn een wel | 
halves, it will follow N 5 being Ad b elne 207 1 T 
f e 035 Ne 3 3 
1s to t eir rence ie, 
the tangent bara u be of the an 
Ppiijern the two 
Is to the tangent 2 f half the difference by, thoſe angles. 
AW, Wag. to be proved. 2 Aneslgas 3 


eee 
te ang le. 


tian. Let Lare . ven trian 
Denon 975 le B oppoſite 5 baſe ln SLE log 


* equal to BC. 75. 
” Wong * upon, . ek. equa to.BC.. 10 
a is AA Io 75s N (K 


e 1 of the baſe, mae by. dr fall fend 


4 _ TIiHIGONOAE 
| 0 en gibt fon Of the legs AB 951 ves and Ac 
Will de their difference. 
From the ular point B, let fall the perpendicular . 
upon the baſe A 
Prom E towards A, upon FAG of Ed equal to EC. 
Ad will then be the die . n EC fo 
Ex of the bafe- ©! | 
of 'Laſtly, Join Bd and r d. * F 1 | 
The triangles A e d, K 8s Kaas gg 1 
— le A is cbmmon to both, and the ſum of the an les 
ed, Ade, ig equal to the ſum of the angles ACD, ADC; 
— thoſe fams are 1 be any 105 Ny ge be 
tween the angle A. and two right ons 2 eo. 5.) 
And becauſe the tr ang! es BY Ed, 57 congtuous, 34 
will be equal to BC, or 2 equal e. In the iſoſceles triangle 
Bdc therefore, the angles Bed, B 8 de, will be equal. (Son- 
eit . Prob 3 
„Aut thel angle Bed, Ae Celica angle of 1 the triangle 
Ad; Will be to the ſum of the two oppoſite inner * 
ges Ad, cd A; and by the ſame . the angle cd E 
will be ebene egg es c Ad, dec A. (The. 6.) 
Now the difference between the external angles 860.24 i 
u equal to/th&diffetence between the iforeſaid reſpective ſums, - 
and that differente will not be altered by previduſſy ſubducting 
tb common ungle Ad from euch fir, The angle BdöE is 
. equabto;the/Uifferedice between the external angles: for it is 
the excefs of — R above dB, wWhfeh laſt is equal to Bed. 
(Conſect. 2 Prob. z) * 
Lonſequentiy the angle Bd E is equal to the ailing 1 
9 the angles dcA and cd A. 2 
Again, in the triangle ACD, the difference perten the 
25 DCA and CDA, is equal to the angle BCE, or the ex- 
os of DCA above DCB; which laft is equal to BDC, by 
_—_— of the ae of the ſubtendi ing. fides BC and B 
onſett 
| F But — an ele BCE, BdE, are equal on account of the 
congruity of 191 05 BCE, BDE. 
Jo has been prove reſpecting the angles cd AgdcAi in the 
- ttfangle Ac d, and the angles CDA, Sea in the triangle 
AC, that * ſums are equal, and alſo their, differences, 
The angles themſelves are therefore equal ; the greater in one 
couple to the 7 reater in the other, and the leſs in like manner 
to the leſs. { keor. 13.) The line AB is leſs than Ad ad- 
gd to dB, Def. 5.) from each take the e ual lines eB B at 1 
dB, and the remainder Ac will be-lefs than the rem ML. 
The angle Ned is therefore greater than the ang 0 
The. 7. 1 And the line AD being the ſum of AB ar — — 12 
greater 
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[thus the line AC. (Def. The angle-ACD is 
greater than ADC. « — — ) 1 
Whence it follows, that the three angles of the triang 
Acd, namely, Acd, Ade, dAc, are reſpeCtively equal to t 
three angles of the triangle ACD, namely ACD, ADC, DAC, 
and from the proportionality of their r es it is. Tea 9%) 
As AC, the baſe, * © 
Is to AD, the ſum of the le 
So is AE, 'the difference of e "legs, | 
FE. = the difference of the ſegments of the um, made 


all a dicular from the te 
eee be pore. r e 


— * 11 en . * f . 
" ls | 1 " 


CHAP. . 


Tor Sorvrton or QU ES TI ON I IN bias 
ms TxiconoMtETRY. © | 
4 LL the «= of. Plane Trigonometry are Aeg : 
ſolved by the application of the four fundamental propoſitions 
already demonſtrated. pe pc gay has three ſides and three 
angles, and if any three of theſe ſix things be given, the other 
three-may in general be found, provided a ide be dana the 


en en 
| | EK ANIMA l. Figs 46. 
| Inthe a oY e ABC, there is give. 
he fid 2 8 3 9 
e. — 
ang le C . 
Fo kad the reſt, 


The Conftrudtion, or 1 Solution. 


Draw an unlimited faint line, upon which ſet off AC: = 36, 
from a ſcale of equal parts. 
From C, with the chord of 609 or 1 1.8 from the 
ine. of chords, deſcribe an arc, inter ſeQing C continued ik 
eed be. 
| F rom the point of interſection a, ſet off ab = = $0®, ig 
from the line of chords. 
Through the Points C and b draw 4 right live unlimited 


2 
5 From 


” / 
; SDS... 
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„%  TREGCOonoMEBTDREE 
From the point A, with the extent 50, taken from the ſcale 


of equal parts; deſcribe an arc, interſecting Cb in 83. 
Jem AB; and ABC ſhall be the triangle required. 


23 The Antec CB bein applied * the ſcale of equal” parts, 


will ſhew the length of that ſide; and the arcs gun, de, being 
_ _ deſcribed with the chord of 609, from the angular points B, 
A, the extent from g to n, applied to the line of chords, will 
ſhew the quantity of the angle B, and the extent from d to e 
will, in like manner, ſhew the quantity of the angle A. 


It is almoſt unneceſſary to remark that the ſame ſcale of 
equal parts muſt be uſed throughout, in the deſcription of any 


2 figure. 8 
_ — — — 


The” Computation, or Numeral Solution. 


For the more ready performance of the numeral ſolution of 
any trigonometrical queſtion, it is convenient to make a rough 
draught by the hand of the triangle under conſideration, and 
mark the things which are given, namely ſides, with a little 
daſh acroſs them, and angles by a little arc between the legs 


of the angle. Thus if the figure already conſtructed be ſup- 


poſed to ſtand for the rough draught, the little daſh acroſs the 
oe BEING AG, and, thy ne 


: , 
1 


that thoſe ſides and angles are given. e . 
us fn contemplating the figure thus marked, it will not be dif- 
cult 


to determine which of the four fundamental theorems is 


applicable to its ſolution. If the triangle be right - angled, 
the firſt theorem is to b: uſed; if oblique-angled, and there be 


a ſide and its oppoſite zogle among the things given, the ſe- 


cond theorem is to be uſed; if oblique-angled, and the things 
given be two ſides and the angle included between them, the 
third theorem muſt be uſed; and when all the ſides of an ob- 
lique-angled triangle are given to find the angles, the fourth 
theorem muſt be uſed. But this is not to be underſtood as if 


there were but one theorem to be made uſe of in one queſtion; 


for in moſt caſes, in which the third or fourth theorems are 
uſed, the firſt or ſecond are likewiſe required; as will be more 
eaſily ſeen in the examples. TY $2508 


+ In ſtating the proportions, if the thing ſought be a ſide, be- 
in the ſtating with an angle}; but if an angle be required, 
a 


* 
— 


** 
* 
. 
” 


S ? £ * 83 
2 . . 8 > $ Ll AT : : r: 
* x 4 9 0 2 . K | } ' = >. 


ꝛꝛ8ide AC=36 
: Sine Z. B46 o 


To find the angle R. By 
, eee 
Side cory ar. co. $:30t03 
* Radius, or fine 90 10.00000 
1.5 5630 


9-85733 


To find the ſide CB. 
Radius or fint 
: Side AB=5;0 


: Side BC=34.7 | © 


_— 


— 


In the firſt of theſe two Rating 85 


remaining angle 


goꝰ 10. oo 
1.69897 
2: 8ine ZA=43® 57 9.84148. 
1.54035 
other may be 


TR 10 ON OME TRT. 310 


The angle B being known, the 
A may be found 


by ſubtracting the ſum of the 


angles B and C from 1809, or 


two right angles, becauſe the 


three angles are equal to two 
right angles. 


' LZB+ZC=469 o; / + go%= 


1369 03/7. 


 An#1809%—1 369 03/=439 7 I 


=angle A. 


But in a right-angled triangle, 


the acute angles are = go®, and 


therefore are complemental to 
each other. 
cute angle be 2 or found, the 

| > had by ſubtracting 
the known acute angle from geo. 


Ihat is, 90 —46* 03/ 43-57 


= B, as before. 


1 


ment oſ the logarithm of the firſt term was taken as directed 


in page 20; in the ſecond ſtating it was obviouſly unneceſſary, 


Whence, if one a- 


the arithmetical comple- 


„ i td aa 


the ſubtraction of the logarithmic ſine of radius being ſhorter. 


De Solution by Gunter's Seals 


N Becauſe the lines on Gunter's ſcale are ſo conſtructed, that 


they (except the line of numbers) only expreſs the loga- 


rithms of particular ſeries of numbers, namely of the lengths 
of fines, ' tangents, &c. it is neceſſary in uſing it, that the 
antecedent and conſequent whoſe diſtance is to be taken bythe. 
compaſſes, ſhould both be ſuch as to be found on the ſame 
If this be not the caſe in the ſtating of the queſtion. 
propoſed for ſolution, it may be eaſily made fo by e | 
us 


line. 


the ſecond and third terms. (Corol. 1. theo, 4. ſect. 1.) 
in the firſt ſtating of the preſent example, tranſpoſe the ſecond 


and third terms, that is, make ſide AC the ſecond term and 


radius the third, and „ „ „ * | 
The extent. from 50 to 36, on the line of numbers being 
taken and applied from 902 on the line of fines towards the 


left hand, (becauſe 36 lies to the left of 50) the point of the 


compaſles falls a little to the right of 460. | 
And in the ſecond ſtating, the extent from oo to a little leſs 


than 449 on the line of fines, will reach the ſame way from 
To $0 to ſomewhat more than * on the line of numbers. 
WH 2 EXAMPLE 


ec 


/ 


\ 


{ In the plane triangle ABC there is given 


7 


3 TRIGONOMETRY.,” 


eee 


 contrarywiſe, 


—ZA+ ZC=1800—809 07'=99® 53'S4B. 


2 / 


; - 7 1 F . » ; N : 
2 l „ 1 a. 2 + : | 
hee ad r LK Fi 

1 * 5 6 s * 17 1 A M : 4 7 4 1g. 47+ * 
. * 


IJ bs ſide AC = 826 feet 
aue A= 4%. 134 


„ 4 4 
Z ' : 
i ; * 


« i 4 \ = * * * , 1 
Too find the reſt. Nen 
- * 9 


On an unlimited faint line ſet off AC'= 826, from a ſeale 
of equal parts. | er ee 
From the extremitjes A and C with tbe radius 600, from the 
r of chords, deſcribe. ares cutting the unlimited line in d 

aan 54 0 ee EY + $46 "NET "bx: 1.9 ; — 
From d towards g, and from e towards n, upon the arcs 
reſpectively ſet off the chords of the angles C and A, and 


thro? the points g, n, draw the lines Cg, An, interſecting 
W | 85 


each other in B. 


ABC will be the triangle required. Rn Cs 
Tue lengths of AB, , may be known by applying them 
to the ſeale of equal parts; and the meaſure of the angle A 
may be found by defcribing with the radius 600, an-are inter- 
ſecking the: legs BA and BC, prolonged if mag", 5 If an 
arc exceeds 90®, it muſt be meaſured at twice, and the ſum of 
the parts taken, as mo, op. An obtuſt angle may likewiſe 


above 90 | 
Since the readieſt way of conſtructing a given angle by the 
ſcale and compaſſes, is by ſweeping an arc with the chord of 
609, and ſetting off its quantity from the line of chords; and 
] Pics the quantity of any angle may be readily 
meaſured by deſcribing an are from the angular point with the 
chord of 60, and meaſuring the chord of the part intercepted 
between the legs; it muſt be underſtood in the following part 
of this work, when we ſay conſtruct or make an angle of a 
certain number of degrees, that the firſt of theſe operations 
muſt be performed, and when an angle is directed to be mea- 
Jured, the ſecond method is to be made uſe op. | 


| Becauſe there are two angles known, the third may be 
found by: taking the ſupplement of their ſum. That is 1800 


| be conſtructed, by firſt ſetting off go, and afterwards its exceſs 


Here 


wo vo r = 


reer 


Ce 
0 


the value of the figures below the firſt figu 


_TRIGONOMETRY wow 
Here the triangle is oblique, and 2 is a ſide and its oppo- 


ſidte angle amon 4 things * oh 1 fundamental 
theorem muſt refore be uſed. FF} AY Hs 7 O 


1 
To find the fide AB, bezin To fond te de * 


an angle. Sine 4. B99 $3” ar. co. o. 
Sihe 1 ar. co. o. 06649 : Side 402345 iy 
Opp. 25 AC=826 2. 91698 2: Sine Ar 2 137 9. 25558 
:: Sine = 20 547 9. We 

„ Flee Jan : Side r ae . 


; Opp. ie AB 4494.8 2.6584 


In theſe oben the ſine of the fopplemebtvP 9 
is taken; for the fine of an obtuſe angle is the ke as 
ſine of its ſupplement. (Page 38.) e arithnieticat com- 
plement of any A e fine — be bad without the trouble 
of ſubtracting the figures from 9, y taking 10. from the index 
of the co-ſecant, For radius is a geometrical. mean propor- 
tional between the ſine and co-ſecant, as may be proved from 
the ſimilar triangles DFA and Aeg. Fig. 40. 

That is ſine co - ſecant rad. x rad. Or og: fine ft log. coſec. 


Slog. rad. log. rad. 210. 10. Whence 


— 2 as 0. 
10. —log. W e 1 — of log. ne. . 
Selten by Gamer's Stall.” | 


The, extent 10 the ſupplement of 999 537. that is from 
800 07 9 * 54“ on the line of fines, will reach the ſame 
; rom 826 t 1 0 


0 455 on the line of numbers. *r teh 

oy the extent from the ſame ſupplement, or $00 975 to . 

479 13“ on the line of fines, will reach'the fame way from 
826 to 615 on the line of numbers. 

When numbers conſiſt of more than two places of figures, 

res, can only be had 

p ctimagion: on the Gunter's ſcale, which are uſ malle. 


his eſtimation may ferve "ey well for M gy 80. 


. farther. 'E 


EAN III. Fig, 46· 


the lane trian AB there is given 
* F Tbe fe Ah = = 36 feet 5 TRE wie Ye TO 
Side AC=27 * A: 


"Fo fmd there ere 


7 


_ raise e 


- «OS 55 bing 264 26:06 IT 
1632 WW. \ wh Ty 46 £4.55 
on an uhllivjted line'ſet off a . nit: adde le 


AB=9go® ' 40 II A AG 
An ini gene BO. gd 5 4) 

"ABC will be ther triangle v required, the parts of which may 
be known by; adnicaſurement. 33 N | 


s IG _ n 52 2 ge,, | | < 
To find the an 10 7 theor. To find the Side BC, making 


+ 


. * 
* 1 80 8 19 


L making AC radius. 5 2 BC radius. N 
Side AC=27,,, ĩö ens g;; 08/. 90311 
© Rad, or tang. 45* ' 10.00000  /; : Side AB=36 N 30 
:: Side AB J  _ 0.55630 2 Rad. or dc 10. 0 

— — . 
: Tang. 40 8360 08” 10.12494 : : Side BO IG, . * | 
— ——_— 
eL T WEED) en eee v0 
a F 
Or to "EY the Side TY IG AC Radius. 3 
8 0 Radius or ſecant Oo 10. o oõe0 .. MAL 
. CSdeAC=27 - 0.43136 
| We SO SNPL -22188 


EOS + de 5 =, 665324, 
It is n from theſe ie that any ſide why be 
made radius; but in practice the hypothenuſe or ſide fbr. 


ing the de eight. angle, is N made radius I it can be 


— 


, * 
- * 


Solution » Gu unter” [2 FRY TL 


Tis (tend ER 27 to 36 on the line of numbers, will 5 
the ſame way from 450 to 539 08” on the line of tangents. 
For the 4s of the line of tangents which is above 459, is to 

be conſidered as if it were continued out beyond 45 to the 

right hand, as has already been explained in page 37, and 

therefore the left hand muſt be taken for the right, and the | 
right for the left, in uſing the numbers in that part. - 

| Again, The extent from 5 30 o8/ to 90⁰ on Ke line of rte. 

— reach the ſame * * 105 to 045. on the line of num 

. : 


2 o 
- MIN . NY : 1 
cw 7 : % „ 4. * P 


$$ 
£ 


7 \ 


The 8 ſo little uſed ; in computation, tas they are 
not marked on Gunter's ſcale.” But the line of fines taken 
in the contrary direction from 909, is a line of ſecants ; namely 
of the complements of the fines marked on the graduations. 

For becauſe the radius is. a geometrical mean proportional be- 
tween any fine and its co-lecant, as was. obſerved at example 
2, the ſame reaſoning may be applied to the fines and co- 
Ther as was uſed concerning the tangents and co-tangents. 

herefore p 
The extent from radius to on the line of fines, to 36 52 
the complement of 539 087, will reach from 27 to 45 on the 
line of numbers, which is taken to the right hand, becauſe 


the line of ſines was 151885 to Wannen, in er to 2 
it a line of ſecants. | | 


27 Err Iv Fig. 49. 


In the plane triangle ABC there is given wh 

_ The fide AB = 86 feet 
Sic AC = 100 feet N pb Gro 

An le C = 270 127 3 

Lo find the reſt. 22 


Se 


Make AC=100 feet, the cat C2 12/, and draw c 
unlimited towards b. 


From A with the extent 86, deſcribe an arc cutting Ch, i * 
B and b. Join AB and Ab. 


Either of the triangles ABC or Ab C, will auſwer the con- 
dltions of the queſtion. 

Hence it is apparent, that when there] is but one angle of an 
oblique angled triangle given, together with two ſides not in- 
cluding the angle, i if the ſide contiguous to the given angle be 
the longer of the two, the triangle will not be Tim ited, unleſs 
it be mentioned whether the unknown Ne not included © | 

2 the given ſides be obtuſe or acute. 


4 . *. 


4 ' 1 


= ante. | 
© To find the Angle B or "I 
Side ABor Ab =-86 ar. co. 8. 1 ; . 
3 Sine £ C.= 325 127 9.660 | 
D Side AC = - | 2.00000. 
| . 
| : Sine 4 B = 1479 63 9.72551 
. l | —— — — ; 
: or 4 b = 3a TN „„ 


FEELS LINED . 1 The 


” — 8 
be Angles B ** are fapplements 100 other, having 


we fame/fine. ae 

70 kind the angle A, in the wei ABC, inwhich . 
eie B is obtuſe. 

—_ ID me ZBFZO n. ou 7 


8 RP os 2809 = T4793 258 75 = e, 
Tos fat the . & int re. . 0 U i 


od. h 1e 2572 T= 2 K. 
A — chro} 
: © Or, 1809 - 3 07” +279 121 = ; 4209 4 45 t 
To find the ſide » Igthe To find the fide bC, in the 
triangle AB triangle A b C. 
Sine . Cg 27⁰ b 0.3 Sine 40 170 . 28999 
: Side AB ZB Es 1 22 © Side AR 86 1.93450 


| ::8ine Ae 55/ 8.93301 ir Side A120 41/ 9.93450 
3 side BC=16.12 — : Side bC=161.8 2.20899 


—ä ! — 


/ 


| Solution _ Gunter 5 Scale, 


The extent 8 86 to 100 on the line of — will 
krach the fame" way from 249 22/ to 329 Oh on the line of 
l which diviſion, from the — of _ likewi . 
dikewiſe to rg. „ the ement of 320% ;ůʃ6ů 
Again, The. —_ 7 a 270 127 to 4 55 on line of 
dines, will reach the ſame way from 86 to 28.5 on the line of 
numbers. | 
And the extent from 270 12/ to 140417 on the line of toes, 
willurench the ſame way from 86 to nearly 162, on the line of 
numbers. The ſine 2. the ſupplement to 1200 41“ muſt be 
taken for its ſine, as has frequent|ybeen remarked concerning 
the ſines of obtuſe angles. 


1 


EXAMPLE. v. Big: 50. 


In the plane triangle there is 4 
\ The fide AB = 58 yards 
e Side BC = 79. yards | wn 
Aud the.angle MR acute. | 
Required the other parts. 


8 8 . CM | Conſtruction. 


ruf O/ME/T R on  ® 


* 


| n nde lite AC; e int of which C 1 

: draw the line CB thro' the point C, forming ce . BCA | 
: "Fro ro0', and make CB=79 yards. ad 12 

m B with the radius BA=$8 yards, deſcribe an arc cut- 5 

AC in A and d. 
| A Prom B 15 point of interſection A, moſt remote from the 
e given angle draw the line BW. i 
| ASE will be the midi required,,,. 


; * 420008" a 555 Compaction. 5 S 8 0 f: 
To find the angle RA. To find the angle B. 
g. ice AB = 58 ar. co. e N 36 0% df wot 
12 Sine „ C 360100 7. 8595 Wi 2258 30 0 
9 7 Side BC = 79? 1.89763 — 13 8014 
Ns EDT % mat 40 fun. 
EL = 300 . | 
. * = . ; B'=go go 20221800—ſim 
- ae 1 $2 Pod dhe len- H@ 
#i:n ans Sine , 4 C oe 100 ar. co., 0.2290 1 
a F, Side AB = 38 5. ; 3.96 I {fg 
75 :: Sine 4B 955 20% 7 = 9 99999 ESI 
hes AE; eie eee, . 
* N ex10p - f ee by Gunter n Gale. is: 
FR The e — n 2 to 79 on the line fer 5 un are 
| reach the lame way from 360 107 to 535 30% on the line 


on the line of fines, will reach 2 ſame way TPM 58 to 955 on 


r 2duny 
5 And the extent from 369 10/ to the en of go? 20/ 
4 the line of nb. 


#. i* 


—— +: 

[ft he agg rpg e 858 
1. * vane 1 foals ABC there is Nair 2 n 
e OR 
me; + ee BC=tr > A ao 
os Side AC = 6 | F 

r ns ae e find | N EA ban 
ne tin 10 13 8 NT i 8 8 Kg je? Sno FH op 
3 : | 1 va Conſtruction. 


8 * 11 Go o R Y. 


"Os. 


| ebe te ss fides reſpeRively. * a ſcale of equal parts, 
and Apply them to each other, according to prob. 1. 
From B let fall the perpendicu upon yrs os longeſt ſe. 


- $149 272 fa.99 [INF 258 Den EW 415 t0\4 
Computation. . 31 bas 55 OVA ons: 
| er the aiFerence of 'the ſegments AD, dns by the baſe, 
| CET] , Theorem 19 25 bk A8 85 Wy 
: Tue baſe AC = Tf no mY gr 
: Sum of the legs AB+BC = han | 2.52763 


2 Differ. of the legs AB—BC. = 123 2.08990 


A v4 DE Kale ſegments 1D. Dea 2.11784 | 
| Ne by *theor; x4. ſeg. 2::5f :t6 half the ſum of the Jeg- 
ments be added 1 that _ are be equal:t to 
the greater fegment. ade D le: 
_— AC = 316 fum of the 2 5 69 and 158 S its h 

A Sigel the” — 8 an 65:6 6 its da 


Greater ſeg. lun of the halen r 258 6= = ADC... 
In the % triangle © T'he angle A being known, in 


the triangle ABC, the other 


Side AB=230 © — 2.6173 * n be found by the- 
: Radius or * * 

:: Side AD gzz360 z 14947. side e co, 7.97062 
Sine Agi 330 18 3097 6 
:8ine4 abb ge, bunte 22 81de A230 1.5 . 1173 


| Irs cowplem.” ITY "E ee ee * 7827 
BAY Prom 18000 N | PEE 51 
>. 982 ve . #3) * PRACT? a 65 e 4 

" Remiains' 136 Tz = =Þ ave: - Him an o dil. ants 


„Adnan 40 ail. 0515 


Solution by Gunter s Scale.” 
On the line of numbers the extent from 376 to 33, will 


reach the ſame way from 123, to 131-2, F 
Again, The 2 45 from 15 10 5 Ton, . of Al 
bers, will reach the ſame way from 9 ? to. 66 the line of 


fines: 

And the extent from 107 to 230 on the line of , 
rg N the ſame way from 130 33” to 300 14/ on the line 
of K. n " | ; * 


4 


Ha 


7 
* 


to 


— * * 
15 * . -\ . 9 * af £ 5 : 
55367.) 1 To find the reſt. „ 
»* Tx 4a __ 3 $3 "of © * * * 898 * 1441 : 3 «#4323 4 "IP 1 
y g 5 — 5 £r * * 
1 7 


T RIGMOQNOMET RY. 590 
E ν⏑νοt. Wo. 


1 * plan Weste ABC there is e 547 
Y The ſide AC. 542 miles Amal 7 MESS: 
Side BC = 110 miles ee, 
E nous89; nds. on RD 


Conftruti 109, 


Make Acad des and conſtruct the ingle Ser o8/. 
Make CB=119 miles, and join AB. | * 


ABC will be the N 8 JN 4.7 61 
Computation. | | 
To find the unknown angles by theorem 3. 
AC 542 From 180 5 
S3 Take 100.0840 


* * 


— Fr „ eee ch angles 
—— | not inclu - 
432=diff. of the Shes teen the'fides. 
| 5 {ao 39. .56=half ſum. 


ih Sum of. the ſides: AC+CB=652, arith, co. 7. a % 
2 Their difference Ac CB 7 2.6354 
:: Tang. ſum of 4's not includ. 399 56 9.92278. 


: Tangent! 1 their difference 2 290 o/ | 9. 74401 —* 
The half ſum 37 36 Kthe half difference 299 01/=the 
greater an ples =680 5 
And the half lung 15 56/—the half difference 299 01'=the 
lefler angle 100 55/ by theorem 14. 
But the greater fide AC is — the greater angle by 
theorem 7, and therefore E B is the greater angle, and A the 


leſſer angle. That is 4 B80 57“, and E A 109 55 Whence 


To find the ſide A by theorem 1 
Sine BR G80 57 ari co. 6.02999 


| : Sidg ACzg42 76 
eren 1 Ko Sine Cg 08”. Ae 9⸗99317 ty 407 
Side ee er e 
30 "Ok 


* 


5: TR 0 N ETA V. 


Mi 3 Gunter'# State. 


The extent from 652 to 432 on the line Fo Wann will 

7 ach the ſame way from 39% 36” to 29% 01” on the line of 
tan ents . 

nd the extent from 689 57 to the ſupplement of 1000 o8/ 

on the line of. fines, will reach the fame 7 from 542 to 570 

on the Une of numbers. 5 


2 5 | 8 "8. 
r 4 


AR. E l vm, 1 n eb 
. In tis 5 triangle ABC chere is given ve led. 7* 
| | I The fide ( +7 3 TILT HT 2: 
Side AB=38 fathoms _ 1 
| bak Angle B= L* We Fs 
; *.To find the reſt. * „ Os 
| 33 * Ont. | | | 25 25 3 


F * AB=38 Fara the angle B=579 op). 
From A with the radius 46 fathoms, «deſcribe an arc ee, 
Be in C. Join AC. h 
9 ABC. ” whe N 1 7 required. MD WE 


3 4 


patio, Fan 
"Fo: "yy che angle C. ere Bhd th ca 11 A. 
Side CA = 46 ar, co. 8.33724 3 mp B = 570 10 
: Sine . B==579 10 _ 9:92441 Z= 7% 
22 Side A T. |,  ebaey 
—— Take 101 eben 
; Sine AC =45 21 9. eee From qi o 
3 n Win Rem. 78 $3 Sikh 
8 To and Fs A BC. | 
Sine 4 B = 579 10/. ar. e 0. on bo. + 
1 755 1 A 
ine 4 2765 53 7 TT WR * |, 
AMD. -ypas wb 
: Side BC = 3 | ee n 9 1 
{7020.9 1 1 


EN Solution by Sande Salt. 


The exteßt Wan 46 to 38 on the line of numbers, will reakth 
the ſame way from 570 10/ to 43® 577 on the line of nes. 

And the extentfrom 57 10/7 to 78.53 on the line of fines, 
will reach the ſame way from 46 to 5 3-7 on the line of 41 
bers. © E | 


* a \ 


 TRAGONOMWE TRY. 65 
The foregoing examples are ſufficient to make the attentive 


learner acquainted with the uſe and application of the four 
fundamental theorems of plane trigonometry; and it is thought 
unneceſſary to make them more numerous, becauſe the Whole 
of navigation affords continual practice for the ſtudent. Moſt 


writers on thyſs ſubjects bays . examples og much-as 


poſſible, numbering under a ſepafats title every caſe in which 


the things are different; and it is uſual alſo to add a ſynopſis or 
table of all. the various ſalutions which can be required. Ex- 


ience ſhews that theſe are no real helps to the learner ; for. 


no one can be ſaid to he acquainted yith trigonometry, until 
he has committed the eninciation- of the ow fundamental 
. theorems to memory, and can apply them readily to any queſ- 
tion. But young people are moſt commonly, deſi 


ing the trouble of thinking, and will ſeldom take the pains to 
commit the rules to memory, when they can be minutely in- 
formed by a ſynopſis how to ſtate a queſtion. 


” 


It is preſumed that the folytions- here give by Gunter's, 
m | nted with the me- 

thod of ede 'propoſitions on that inſtrument. For the 
8 erefore, the inſtrumental ſolution of queſtions 

will not be added in the ſucceeding'part'of this treatiſe :' but 
e young navigator is adviſed” not to deſiſt from uſing this 
method, as it affords an eaſy and 1 ſolution 


ſcale, will make the reader perfectly acqua 
ſake of brevity t 


of moſt queſtions in navigation, and ſerves to confirm the 


truth of any other ſolution, which it would be much more” 


troubleſomę to examine any other Way. 
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48 N G1 8 ME yo. Ly "A 
THE eee te earth „ee d, ny 
its „ehre is nearly Tpherical, 90 e Dy 0, great, 
compar yith the Ain ntity of ſurfa rface which ny, one 

time falls. r.yi 155 that we ate not 1 5 1 0 9 

5 27 6) ee NILES Wi 9 — 

19:9 erieity is proved. erences um 
ſeyefal obſefyations. Ne LS Yes vas n en DONT: 
1 2 property hg dvds go pcquire,n niform.Frlce, 
uſually called Fee MAN 3 for by: reaſon of the eight of 


e eaſe with they ae moved among 
each other in every direction, it 2 — that if an 1 rt be 


elevated above the reſt, it ſubſides and ſpreads over t rface, 
till the level is obtained. In confequence of this property the 
ſea is uniformly level, if we except thoſe minute irregularities 
which are occaſioned by the action of the wind. And, what- 
ever may be the figure of this ſurface, it is evident from va- 
rious obſervations, that the ſurſace of the land is very nearly 
of the ſame figure. Few if any mountains are more than three 
miles above the level of the ſea. The extreme difference be- 
tween the figure of the land and of the ſea, does not then 
exceed three miles; and this difference with reſpect to the 
known extent of the land, is no more in proportion to that 


D&S: 


extent, than a ſmall grain of duſt to a ſheet of paper, or the 


head of a nail to the ſhip's deck in which it is driven. The 
heights of lands above the level of the ſea, are diſcovered by 
trigonometrical calculations; but the obvious circumſtance 
of the CR; * _ which run to the ſea in all directions 
oyer qaſty t land, without acquiring that velocity of 
comm. at which A „ 9 cou d not fail to pre. 

uce, 


— 


* | ; g f | : | — | 5 « 
ASN 9 S RN EH | 
* : _ . p 0 | 


duce, is a ſufficient in ion ee are not much 
elevated. Since, there ore, the gute of the land agrees with 
chat. of be ſeay / ſmalb and baſual Hifferences being rejeAcd, it 
is elear that by -diſcovttitig the figure of the latter, SIN! 
from thence obtain that; of the wholevearth, 2 21 507% 
8 Theolevel ſurface oi water is not at or Nee 8 
to imagine from e mall quantity. If an object a 
boat for example, be viewed over af piece of calm, ſtanding 
water, af more, than a mile in length, with the aſſiſtance of a 
teleſcope, the eye of the obſerver, e 1 0 little above the 
Bale it will be ſeen that à part of the 0 only. Will appear 
ght, the reſt Jeng. hidden behind a . of the ſur/ 
fat 04 this hidden part will always be greateſt when the 
duiſtance between the 05 99 ect 5 obſerver is greateſt. In like 
; manner, "at ſea, when F pyfirſt eig in fight from the maſt 
ö head of another ſhip,, ik will not be le from the, dec, be 
5 cauſe the obſeryer on the deck i * ted from beholding it 
by-t &- 1 Water, over Wn ich, he he is at te 
0 Pg cad, by, re an of. his. ee 18. capable of — 1 
5 From herpes 15 ned, A kati of eſtimating the'd 
i oy of. a ſhip 1 | 5 in BN _ ſea-faring: 


4 1 how, 12 ee can bring- her downs that 5 


3 _ F kb ined "F 
* > 


the man at th es hig eyes on the veſſel 
by. the 4 . Ny 
no long r de lang dilts ace, the lower be maß, 
_ before 5 Ti: Te convexity of the ;ſea : 
perhaps more Rrikingly, ahſe fo TI ſune ſex 1 for which:inten- 
"ge 8 ng m e hanggogtak * wet the inſtant 
the ſun's, di 3 4 555 hen immediately ta aſeend 
into the t „ an i9 t 6 top:makt. 1 ny —. 85 from whence 
a ard conſiderable, 175 of by dife wall al remain ebe and 
ba hot Sf apps BY tif h con G, atter the apparentiVetting - 
rom the dec hone of 


N 
TS» 


2 2 
* 
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* we we / 


; the teleſcope, the e NT . an 

F e teleſcope, able; ps appear» 

: ing ſe the 319 1 5 top- ks ant maſts only above the 

- Water; at leſs d their top-maſts,aze ſeen; and as the 

1 new wi gg AS 1 gr decręaſes, the ſhip iu 

© ht will ap 501 more and more immerſed, or ti 

t Neef = E "peer t cannot therefore be doulited, 

e hot that the fea * 0 9 convex aa as-jtheſe appeatances 

e — 4 — alike, it muſt be every where alike convex; Now 

y ix” een vv Uike convex, 1 is ſpherical; LK . 
e 5 e e that the land is of Ry pane. kg ghee, ds 

1 the JEN ſequent ently, the 1 land and fea together fo orm 2. phe» 
4 — UV. 261 Nb 2d al 11 n a ' 15 $74 AI C17 402 Neis Pa 
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Fit \& 259 of 5113 L 207 10 wk; 7 2 As 73 e 
„The earth being ſpherical, e W860 oF rt ſummit 
of any eminence and the fattheſt viſible point of the ſarface of- - 
the globe, is a geometrical mean proportional between the 
:Perpendicular-height of the eminence, and the diameter of the 


earth added Ws chat height. e oft ente, 2 
Some: fon” Lit'the circle EKD "repreſent 2 ſeckiog of 
the earth by x plane paſiti” thro” ies Aer, 


Er 
 gicular” . and AD a tangent, to the > Ve TI bi of 
the earth} drawn non A to the pot of contact” D, which p 
will be the moſt Teipore point of the ſurface 10 ible br that di 
rection from' A. | 
Continue AB thro! the center C:its the o — | 


—_— Join BD, CD, and FED, "at from: O Jet fall 

rpendicular © ms BD. Then AB. AD: *AD:AE. 

or the triangle DOB is an iſoſbeles trfangle, becauſe of * 
equal radii CB,” CD, and the edel. By let trianitles CGB 
"wg are equiarigilar;” (theo. 5 the bee 

B, being equal: "Therefore! the. 1 GCB half” the 


2 le DCB. 38 | tig 18 4. AL 1 

No the angle — 555 equal to the a ang] les Dc, we 
taken together (theo. 5 Ty 0 theſe wy; gles ws 

Sach to each, decauſe they are op 5 ual” likes © 

E; (corol. 2. theo: 7.) whence 1 e 
the half of DOB, SIE is to Pa the' 10 C8, t 
In the triangles EDB, CGB,'t e ang & DEB, Gch, "are 
- equal: and the angle at B ig common 1 both, therbfore the 
remaining angles EDB, CGB, are equal. And CGB igt 
5 15 le. EDB is 110 a fil Fot an ple. * ; 

Icke angle CDA is likewife a 1 ht 120 le. (Theo- 13.) a 
. rom'the right angles EDB, DA, % aa the ade 
pon \CDB, the 5 angles” CDE, BDA, will de 
equal. Axiom 2. But the angle CDE Was ſhewn to be equal 
00 the 5 * DEC. 

ore in the triangles ADE, ABD, the angles BDA, 

| DEA. are equal, and the angle at A is common to Voth. 
|  Whence the triangles 8 Theo. 5. l 1.) 
. - Conſequently AB; AD: : AD: A (Theo. 9). 
Which was to be proved. 


b; This theorem is applicable to 108 8 be 
; _— 14 * Neg 5 e AD are known; be- 
cauſe i taken from the fourth the remainder 
will be BE, or the diameter oh ght. But 2 e known lines 
are _ excremely * mW compared with the _—_— 
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the level 


- a" qa oo roy” "rev" I Wa, Foo 


Ones the berg. ve A e 's l it yould juſt begin to ap- 


dimes aſed inſtead of Jemi-axir. , 


OO 


ED MORRWPERNY 
of wn a mi ther of will Aa 
very great B. e term. For peg mommy it - 
cannse pructiealiy beapplied to this purpoſe. But iti is — 4 
find either of the terms AB or AD, 1 them ns k 
given, und the diameter of the earth known. For AE: A 
AD AB, where BE may be taken for AK, and the-ratio wi 
be very nearly the fame, on account of the great length of 
BE; and the ſquare root of THA in numbers, is nah to 
AD. (Theo. g. corol. 2. ſect. 1.) It Is alfo uſeful to 8 
dip of depreffion of the viſible horizon or x edge of the ſea 
the level of an obſerver whoſe eye is elevated above the fur oy 
For an obſ{i or at A will behald the edge of the ſea. at D below 
the angle DAH being Ye vp, 7; 

' Now. the angle DAH is the complethbae of the angle DAC, 
becauſe the angle HAC: is a 4 angle; and" in che rip be- 
angled triangle ADC, the CB. is f. reite the cochples 
ment-to the 6 angle DAC. 7 « angle DCB therefore is equi! 
to the dip, an 55 meaſured by the are BN which in no prac- 
tical caſe will differ ſo much as tos of 15 28 from AD. 


ec AD may, be taken in the arc ny 

that is, the length of AD i in geograp fed i wat wel 

the angle Def or the dip - "94 . "8 31 

| 2 Aer will make his ait. 1 We $0) 

- on mie po ber the dip Win wil viſib le wine 
neath the level o pods 6 which - i 

feet above the ſarface + of the 3 era mu 28 


- The diameter“ of the Wees 1835 M feet, Fe which add 
30 feet, and the ſum is, 41,828, _ multiplied by' 3 
Manes 1,254,865, 320, the ſquare root of. Which nu 
35,424 feet, or 5.815 geographical miles of 60. to a'degtee & - 
3 great cirele on the earth. This operstiaꝶ may ve. * 1 


and readily done by logarithms. 


ctr ith 4 _— f that _—_ on the diſtance 125 65 the car LY 
e part of the ea is 5 eographic m_ - 5424 

which may be »takefi Tor the arc DB. N is es | 
nearly fix minutes of a degree. And if AB be ſuppoſed to re- 


N a 4 5 | Far 
„This meaſure of che diameter of che euch ! bb s the wen n refuſe of of 


the ſeverat ge made by the French mat 1 


Hence à mean d is'365,529 feet, and contains neat! 2 5855 
Nm miles: This üdject 15 treated more at large in Book V 

VIII. of Robertſon s Elements of Navigation; Where it is to be 
noted, that in Art. 130, the word axis is by an N ſevemi 


Pl 
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| pear above the water to an eye at D. This theorem has been 
eee for determining the diſtance of a. veſſel or light- 

ouſe, whoſe height is known, and which appears juſt emerg- 
ing from the ſea. But there are difficulties attending on this 
. fort of obſervation, which makes it little, if at all preferable to 
eſtimation or gueſs from other circumſtances. _ 1 
+ The convex figure of the earth is likewiſe proved from the 
many voyages which have been made about it. For by con- 
tinually failing to.the Weſtward, ſhips arrive at length at the 
park from whence they took their firſt N But this 
could not happen if the earth were not of a figure which is ac- 


ceſſible on all ſides. RET 8 
Obſervations on the celeſtial appearances ſtill farther 
confirm this truth. The ſhadow of a body is a projection or 
delineation of its appearance, when viewed from the place 
from whence the light is emitted. The earth being ſhone 
upon by the ſun, muſt caſt a ſhadow towards the contrary part 
or region of ſpace; and this ſhadow, if received upon another 
body, would delineate its appearance as ſeen from the ſun. 
When the moon is in that part of the heavens which is nearly 
oppoſite, with reſpe& to the earth, to the plate of the ſun, the 
ſhadow of the earth falls on the moon, and cauſes that obſcu- 
ration which is called an Eclipſe. Now in every eclipſe of the 
moon, the ſhadow of the earth is circular: the earth therefore 
appears circular, when viewed from the fun in any poſition 
whatever : but a bady which appears circular from every point 
of view, is that which geometers call a globe or ſphere. The 
earth is therefore a globe or ſphere. | | „ 
The juſt- mentioned obſeryations prove beyond controverſy 
the ſpherical figure of the earth. But the — 54 accurate and 
deciſive proofs are derived from the compariſon of the meaſures 
of diſtances upon the ſurface of the earth, with the change of 
poſition which the heavenly bodies apparently obtain when 


viewed from places at ſome diſtance from each other. For ex- 


ample, ſuppoſe an eclipſe of the moon to happen at midnight 

at London, the moon would, at the ſame inſtant of time, be 

ſeen near ſetting by the inhabitants of Bengal, and“ riſing by 
the inhabitants of Florida, and many other parts of America. 
This is an obvious and familiar inſtance, but the like appear- 
ances with reſpect to poſition, are obſervable in all the other 
heavenly bodies. And it is found univerſally, that the 
changes in the angle formed between the perpendicular or 
plac line, and a line drawn to the celeſtial object, are ſuch 
as could not take place, if the earth were of any other figure 

thantpherical nee * N 5.4984 


THEOREM 


i 


COSMOGRAPHY.: 6 


W THEOREM, IL... 
” In the ſame plane, if the angle formed between any two' 
» right lines drawn perpendicular to a given line, be directly 
0 eee | rant vp 0 
ee to the part of the line contained between them, 
the line itſelf will be circular. Fig. 55. e b bb 23 e 
1 Demomfiration. In the line LM let there be aſſumed any 
e number of points K, I, H, G, F, equidiſtant and indefinitely 
is near each other, thro' which let the perpendiculars AK, BI, 
— CH, DG, EF, be drawn, and prolonged on one fide, till they . 
reſpeRively croſs each other. | "FIT "I 
Ty Then, by the hypotheſis, the angles KCI, ICH, HCG, 
* GCF, will be equal each to the other. And becauſe of the 
de indefinitely ſmall diſtance between the points K, I, H, G, F, 
* the lines KI, IH, HG, GF, may be conſidered as right lines. 
rt In the right lined triangle KIC, the angles at K and I are 
er ual by the hypotheſis; KC and IC are therefore equal. 
n. (Corol. 2. theo. 7.) And in the right lined triangles IHC, 
ly IC, the angle HIC is equal to the angle KIC ; the angle 
he ICH to the angle KCI; and the baſe IH to the baſe IK. 
u- The triangles IHC and KIC are therefore congruous; (con- 
he ſect. 1. to prob. .) and have one common vertex at C. In 
re like manner it may be proved, that the triangles HGC, GF, 
on are congruous with the triangle KIC, and meet in the ſame. 
nt mmon vertex C. Now ſince the number of the indefinitel 
he ſmall parts taken in LM is unlimited, they may be aſſumed > 


numerous, as to occupy the whole of the line LM, the per- 


ſy drawn thro' their extremities all meeting at point 
nd , equally diſtant from m_y point aſſumed in LM. And by 
res reaſon of the indefinite ſmallneſs of the interval between an 
of two points, there will not be any aſſignable part of LM, to 
en which a right line can be drawn from C, either greater or leſs 
X- than KC. LM is conſequently a line having ſuch a relation 
cht to the point C, as that all right lines drawn from any point 
be thereon to the point C, ſhall be equal. That is to ſay, it is 
by either part or the whole of a circle, whoſe center is C. (Def. 
ca. 14.) Which was to be proved, _ 
ar- This theorem is applicable to the earth. For the celeſtial 
her phenomena happen in various parts of the viſible hemiſphere, 
the according to the ſituation of the obſerver on the ſurface of the 
or earth, and from thence the relative poſition of the perpendicu 


uch lar or plumb line A obtained. By means of obſervations 
ure of this nature it is found, that every plane ſection of the eart! 
i is a cixcle, and conſequently that the earth is à ſphere. 
TY one Mn ds nl 


a 
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till they meet at C, 


cauſe of theſs — lows: (theo./ g.) the angle GEF F-will be 
. equal to to the angle He, and he angle DAB to the | 


| 8 diculars to each other, is equal ta the difference ' between the 


8 { 8 * 


5 


Let AE Es fig. 56, be deſeribed ſo as to divide 


theearth into two 7 eee — A 2 A wo 
— the NG pie DA * plane of, the circle, the 2 
le B with the perpendicular BA 1 . 


oi erver.at EL = the 2 wh der wall behold the fs * in 
the direction 
great diſtance. of the ſtar, * not ſenſibly differ from 7 2 


the line E G, W hich, reaſon of the very 


nel to AD. Continue the perpendiculars BA and E 
A the. angle ECA; and draw on 
2 AD (and b 2 quence Alto to EG). Then be- 


But the angle ECA, ot the inclination of the perpen- 


angles HCA, RCH, or their equals DAB, GEF, when the 
lines GE, DA, fall towards the ſame region; or it is equal to 


their.ſum when the lines GE and DA. fall towards contrary 


. he angle RCA being be difornincd, and the diſtance AE 


found by —— the-circumference of the earth may 


2 know 3 That is to fay, as the number 


as it becomes more exten 


to the ſpherica 


cal concavity of the heavens, are found very uſeful in filma 
ng the communication of ſcience. a; 


which meaſures the angle ECA 
i wk "ap trap ot 3609, ſo is the length of the arc AE 
by admeaſurement in known parts, to the whole cir. 


55 cumference of he Wm men Fd 4d gh ge 
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CHAP. II. 


Os THE Movrows: or Tar Eia n AND ore pra 


Nets. DxriniTions or THE IMAGINARY Linzs or 
THE SPHERE, AND THEIR W | 


"SINCE terms, or words which Ven, Fon — notions, 
that otherwiſe we ſhould be under the neceſſity of continually 
defining, are neceflarily 3 for the diffuſion of knowledge 

ive, Geographers. and Aſtronomers 

bave made uſe of a conſiderable number, and have even in- 
vented a Tony of cixcles, which being ſuppoſed to be applied 
ſurface of the earth, or to the apparent eri. 


figure and 


JJ ͤ0_ò—uXiUuj 


— 


near 


nooeſſary for that purpoſe 
abſolutely 


' earth, as revolving on ite axis in about 24 hours. | 


ſtantly changing their ſituations in the heavens. 
moon, and every other luminary, appear reſpe 


his diurnal apparent motion is cauſed by à real 
motion of the earth upon its axis, in the contrary direction. 


proof is obtained, from the admeaſurement by which the 


its rotation; ee found from accurate ob- 
ſervations, that the earth di in a ſmall 


The ſun, the 
cively to deſ- 
cribe- circles which are completed in about the time of a 
natural day; by which moſt of theſe bodies are ſeen to riſe 
and ſet. 


The intended limits of this book prevents our enlarging on 
the proofs of this motion of the earth. There are many rea- 
ſons by which it is rendered probable; but the ſtrongeſt phyſical 


magnitude of the earth is obtained. For tho we 
have hitherto aſſerted that the earth is ſpherical, in order to 
ſimplify our arguments, and to avoid a premature diſcuſſion 4k 
this buſineſs A 
degree from 2' 
jeg and is in reality an oblate ſpheriod, being flattened ' 
a 


t the two oppoſite points of that axis, which coineides 


with the axis of the apparent rotation of the heavens; or mere 
properly, that it is ele 


| out at the parts fartheſt diſtant 
from thoſe points. ' It is not n to explain the laws of 
motion, to convince even the moſt yulgar obſerver, that bodies 


which are whirled about à center, do — that motion acquire 

en hung up at reſt is 

ſpherical, ſwells out and becomes flattened when it is 
; and the thumbs would fly off if they were not re- 

tained by the adheſion of their parts. So likewiſe do the parts 
of the eartþ, fartheſt from the axis of its motion, ſwell out 

and recede from the axis, tho their gravity prevents their ly- 


a tendency to fly off. A mop, which w 
whir 


ing off. And if we imagine the mop to be in the axis of an 
empty tub which does not touch it, it is evident that no 


rotation of the tub on its axis, will ever cauſe the figure of the 


moß to change; an abſolute motion of the mop itſelf being 
So likewiſe in order to change the 


figure of the earth, it is neceſſary that the earth itſelf 


revolve, and not the heavens, And that the heavens 
themſelves. do not revolve diurnally is evident, becauſe we 
obſerve no ſigns of that exceeding ſtrong tendency to recede 


from the axis of rotation, which a motion ſo prodigioufly” 
ſwift muſt © | pt 


* — illuſtration may give the uninftructed reader a notion 
this 
titude of compariſon, but accurately agrees with the true 

of motion, combined with the effects of gravity, as it 
is really found to act. We therefore proceed to ſpeak of the 


% «© 


argument, which is not a ſuppoſition built on the ap- 


5 


* 
— 


4 * 
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A best eele is that which divides a ſphere into two equil 


ts. 1 Ty [OUSTED TEST OTE Nin OST 
That point of the heavens which is perpendicularly over the 
head of any obſerver, is called the xenith of the place at which 
he is. The point of the heavens diametrically oppoſite the 
zenith, is called the madi rt. 
A great circles! Which is 900 diſtant from the zenith, and 
conſequently divides the upper from the lower hemiſphere, is 
called the horigen. If the plane of the horizon paſs thro? the 
eye of the obſeryer, it id called the /en/ible horizon of the place 
where. jt is 3 but if it paßs thro' the center of the earth, it is 
called the rational borixon. To this laſt all obſervations are 
referred. Nayigators frequently term the bounding line or 
circular edge of the ſea, the apparent horizon. - | ; 


" 


Leſſer circles; parallel to the horizon, are called parallels of 
altitude, if above, but ef depreſſion, if below the horizon. 
3 Great circles paſſing thro' the zenith, are termed azimuths. 
xs Upon theſe the altitudes or angular heights, of objects are 
meaſured. . r ne 1 10 5 1 Na a 4 „ 
Ihe extremities of the axis on which the earth revolves, are 
called poles; and the two points in the heavens vertically above 
ttzheſe, and which ſeem to be ſtationary, are called the celeſtial 
| 2 The poles are diſtinguiſhed by the names north and 
in ihm tha” ir 1c ww, 7 55 ; 
8 7 great eirele on the earth, which is 900 diſtant from each 
pole, is termed the equator. Leſſer circles, parallel to the equa- 
tor, are termed parallelt of latitude. Great circles paſſing thro” 
| the poles are termed meridians, But the meridian of any place 
is generally underſtood to be a ſemicircle drawn between the 
two poles, and thro” the given place. n 
A great circle in the heayens, which is in the ſame plane 
with the equator on the earth, and conſequently is gos diſtant 
from each celeſtial pole, is termed the cele/tial equator. Leſſer 
cixcles in the heavens, parallel to the equator, are termed ind 
rallels of declination; - Great circles paſſing thro' the celeſti 
poles, are termed: hour circles, or circles o En, fend 
Latitude on the earth is the diſtance of any place from the 
equator, meaſured. on the meridian of the place. Longitude 
on the earth is the ſhorteſt diſtance between the meridian of 
any place, and the meridian of any other place conſidered as 
the firſt or principal meridian : it is meaſured on the equator. ' 
| That part of the horizon at which the ſun and ſtars appear 
- - toriſe, is called the Ba; and that part at which they appear 
„ to ſet, is called the TY If an obſerver ftand with his right 
band to the Eaſt, the Weſt will be on his left, the North be ore 
him, and the South behind him, Or more accurately, the ye 
when, | e ridi 
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theſe we ſhall hereafter ſpe 


: wiſe has the ſun a 
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_vidian of any place is a North and South-line,”-Which divides _ 


the horizon into two equal parts ; and a diameter of the horizon 
at right angles to the meridian, (Which does not ſenſibly differ 


from the parallel of latitude of the place) is an eaſt and weſt 


line; the eaſtern extremity of which is that near which the 
riſing of the celeſtial bodies is performed; the oppoſite ex - 
tremity is the Weſt, the North is to the left hand of the Eaſt, 
and the ſouth diametrically oppoſite to the North. Each of 
the four 3 into which the horizon is thus divided, is 
ſubdivided into degrees and minutes, the quantity of which is 
reckoned from the North or South points. For naval uſe 
theſe quadrants are divided each into eight parts, called points 
F the compaſs, which are again ſubdivided? into quarters. Of 
more at large. 
The ſtars are obſerved to be of two kinds, namely fixed ſtars 
and planets. The fixed ſtars are fo denominated becauſe they 
all very nearly, if not abſolutely, preſerve at all times the ſame 


ſituation with reſpect to each other. From this circumſtance 


they are uſeful as ſo many land-marks, if the word may be 
uſed, by which the ſituations of other celeſtial bodies may be 
aſcertained, and the varieties obſerved to which they may be 
ſubject. By this kind of obſervation, as well as from the 
change of time at which they riſe or ſet, or come to the meri- 


dian of the place of obſervation, together with the mutations 


of the azimuths and altitudes; it is found that the ſun, the 


moon, and five ſtars called planets, or wanderers, are conti- 


nually varying their place in the heavens. The planets are 
32 by the names Saturn, Jupiter, Mars, Venus, and 

„ . DN Lap GONE ELIE ib 
In the ſpace of 365 days 6 hours nearly, | the fun apparently 
paſſes in a direction contrary to that of the diurnal apparent 


motion, that is to ſay, from Weſt to Eaſt, through à great 


circle of the heavens, which is inclined to the _ in an 


angle of 230 28/, This great cirole is called the Fcliptic. The 


fun; therefore, in its annual courſe, muſt twice deeline to the 
diſtance of 232 28“ from the equator, being half the year to 
the North, and half to the South.” When the ſun is to the 
Northward of the equator, its — 4 falls more perpendicularly 
on every place ſituated in North Latitude, at the ſame time 
that it illuminates more than half of the Northern hemiſphere. 
Every place in North latitude, therefore, at this time, is not 
only more heated by the direct falling of the light, but like- 
lege time above the horizon; becauſe 
more than half of the Northern hemiſphere being enlightened 


at once, more than half of every parallel of latitude muſt be 
enlightened at the ſame time, and conſequently a place ſituated 


” £05M0/GRA PH *. 


55 e eee & diurnal rotation of the 
earth, be a longer time in paſſi the. enlightened part 


ER of its parallel, than the dark — at is to when the 


ſun is to the North of the equator, eyery place in North lati · 
tude will have warm weather, 2 the days longer 2 the 
nights ; while, for the contrar „colder weather, and 
nights longer than the days, will mover dy in the — 
miſphete. And during the other half year, in which the ſun 

has South declination, . theſe events will happen quite con : 
trary; cold weather and ſhort days prevailing in the Northern 

Hemiſphere, While che ſouthern enjoys warm weather and long 


da 8. 
| variety of the Satan takes oe grad wally, betaaſe 
the ſun s declination . gradually. - When the ſun is at 
2 EE the half of hemiſphere nr yr. per at once, 


. h- — declination is — le for — . — 
#his reaſon, thoſe two points of the ecliptic which are go? diſ- 
tant ſrom the equinoctial points, and at which the ſun has the 
declination, are termed the ſolſtitial points or Sojftices. 
e- equinoxes/ are termed the vernal and autumnal equi- 


_ Great circles drawn at right angles tothe epliptie, ane does 


ſequent interſeing g each other in its poles, or 90 degrees 
diſtant from it, are termed cele/tial-meridians. L. in the 
Heavens/is the diſtange of any object from the ecliptic, and is 


meaſured on the meridian of the object. Longitude is the 


diſtance between a given meridian, and that meridian which 
paſſes thro? the vernal equinox, or firſt point of aries. It is 


meaſured on the ecliptic in the order of the ſigns, from the 


R 
except when the longitude does not exceed 1800. 

| _ aſcenfion is the diſtance between a given hour circle, 
| hour circle which paſſes thro' the firſt point of aries, 
neo wor on the equator, in the order of the ſigns from 
the faid firſt point of aries, and is not therefore the ſhorteſt 
diftance;, except when the right aſcenſion does not exceed 12 
hours, or 2809. Declinatior is the diſtance between a given 
3 object and the equator, and is meaſured on the hour circle 
which: paſſey-thro' the c 

For the more eaſy deſcribing and Ending g any fixed ſtar, they 
have long been e into conſtellations, or collections of ſtars, 


which by their ſituation may * contained within the 835 
| or. 


ere 
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n. 1 


object, which is ĩmagined to be deſ- 

9 5 2 the, heavens they reſpectively ocupy. 

jptig 5 5 0 twelve of theſe conſtellations or ſigns, | 

ich gram a broad band or imaginary circle called the zograc; 

be 5 mie itſelf 3 is divided into twelve equal parts or igns, 

ges, beginning from the vernal equinox, and pro- 

cee . according to the courſe of he ſun. Eyery 

diviion of 30 degrees is denominate Fl after the name of the 

thy ign which oc Regupis ied that fpace, about. the time of 

10 1 0 it is 9 Rn obſerved, that the axis 

1900 65 bſol bien preſerye the ſame ſituation with 

Weg . 5 from cauſes we cannot explain in 

Rr 8. A mip, quantit gov in, the courſe of the 
hich . equinoQial points are not fixe. 

. 10817 75 „ or contrary to the annual courſe of the 

105 


ace 90 a * the natural JEL. of period of 

% ff baile enty lecke. f. be fore the 1 

e eſcribe * pak, ete circle. he names of the 

the — IAC», .and. the months into Which n the | fun enters. : 
int. them, ae yay as wo ee hs: n 


e deren, Wicer! 


Ates, Taurus, Gemini, Cancer, Leos,. Figs". 
Mar. re May, Juney” 5 July, Aug. 


Libra, Scorpio, Sagittarius, Capricornus, Aquarius, Pls q 
1 3 1 er reg een „ an 


The fix firſt are ens — the other 1 ix foutern conſtel- 
lations. When the ſun is juſt entering into Cancer, he is at 
his greateſt North declination, and begins to return back to- 

wits the equator, The parallel of 7 28 North declina- 
tion, is therefore called the Trop? 141 cer, as is likewiſe its 
correſpondent parallel of latitude on the” earth. For ſimilar 
reaſons the parallel of 23⁰ 28/ South declination, is called the 
Tropic Ca) icon, as is likewiſe its Bogen 1m parallel of 
latifude on the eartn. b 

The moan N about the earth in the ſpace of about 


| twenty- ſeven days and ſeven hours, in the ſame direction as the 


ſun, and in an orbit which is inclined about 5 degrees ti the 
ecliptic. ''The moon ffilmes only by the light of the ſun Which 

falls u on it; the dark ſide is conſequently inviſible to us, and 
accord to the ſituation of the moon at different times, we 


ſee more 5 leſs of the enlightened part. Whence ariſes the . | 
variety of figure ſhe apparently takes. But the Courſe of the 
| en F changes « 4 kent 1115 phaſes, is performed in 


about 


— 


* 


— 
7 


— 
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| Abou? two days and a quarter wore than is required far def- 

_ ribing her period, or entire orbit. For while the moon is 
-/paſſing thro”. the twelve ſigns of the zodiac, the ſun is ad- 
Vvanced almoſt one ſign, and it tequifes two days and a quarter 

for the moon to overtake him. The revolution of twenity- 
ſeven days and ſeven hours, is termed. the periodical revolution; 


nnd chat of about thirty days, is termed the fnodicalrovelution, 


The planets move nearly in the plane of the ecliptic, 
Their apparent motions reſpe& che ſun, and from thoſe mo- 
tions it is proved, that they revolve in orbits nearly circular in 
tte center of which the ſun is placed. The five” planets, 
Saturn, Jupiter, Mars, Venus and. Mercury, revolve in orbits 
included within each other, in the order we have here men- 
tie 160 their names. Mercury being neateſt the ſun. © © 
6 15 is known by the moſt abſolute geometrical proofs, that 
the ſun is more than one million times the bulk Gee th; 
apiter and Saturn are many hundred times the fame bulk, 
511 Mars and Venus are nearly of the ſame magnitude as the 
earth. Now. ſince theſe vaſt bodies move round the ſug, their 
- abſolute motions muſt be very complicated and — 
the apparent motion of the ſun in the ecliptic be cauſed by a 
real revolution of the ſan ; but if the earth be admitted among 
the number of the planets, a beautiful order and, regularity 
will prevail throughout the whole planetary ſyſtem; and that 
immenſe body which gives light and heat to the atteridant 
planets, will. be the center of the earth/s orbit, as well as of 
the orbits of the other revolving bodies. That this is really 
the caſe, is proved as well from the Theory of Graviey a8 from 
the Motion of Light. For the light of the ſtars is ſubject to 
nan apparent change in its direction, which is called the Aber- 
ration of | Light,\ and ſtrictly correſponds to the reſult of theo- 
rems, founded on the conſideration of the velocity of light 
already known from other obſervations, together with the ve- 
elocity of the Safth ig its orbit. π⁹ !, e e e 
They who ate not accuſtomed. to reflection, will find a diff - 
-. culty in reconciling theſe motions of the earth. to the idea they 
have acquired, of conſidering it as abſolutely x rmane and 
- £lmmoveable, But this difficulty will be removed by te ap: ty 
that all bodies are equally indifferent to motion. and. to Tel 
A body at reſt will not ur motion, neither will a body in 
motion ſtop, without a cauſe. For theſe reaſons the earth, and 
by — things upon it retain their motion; which being the ſame 
to ſenſe, both in velocity and direction in every part,.the parts 
among themſelves are in the ſame ſituation as if they were at 
telt. And there are not wanting a great number of, inſtances 
do illuſtrate this. Scafaring people are never . 
wh 3 pe | Tho 


— 
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- Thoſe who are buſied in the hold of a ſhip at an anchor, can- 
not by any perception determine whether the ſhip has ſwung 7 
round or no, by the turn of . tide.. When a ſhip firſt gets 
under way with a light breeze, ſhe may be going at a good 
rate before thoſe who are between decks can perceive it. And 


F 


let the ſhip ſail ever ſo ſwiftly, it is found in every reſpect, as 


eaſy to jump towards the head as the ſtern ;. and all experiments | 
relative to motion, may be performed exactly in the ſame man- 
ner as if ſhe were at an anchor, except ſo far as the irregular. 
pitching and rolling of the veſſel may 5 en. Which it 
will do as much in one direction as another. I 0 
multiply inſtances; we ſhall therefore only remark in addition, 
that every one who has been in a boat muſt have obſerved, if 
he ſtood up juſt before the boat ſtruck the ſhore, that tho 
there was no difficulty in ſtanding while, the boat continued to 
move, yet the inſtant it ſtopped, there was danger of his falling 
forward on his face. The reaſon is obvious. The paſſenger. 
iftneſs, were at 


and the boat being both moved with equal ſw 


Py 


reſt with reſpect to each other, but as ſoon as the boat ceaſed to 
move, the motion of the paſſenger became perceptible, he being 
moved forward, becauſe, there was not a, cauſe ſufficient to 


ſtop him. 80 likewiſe it. muſt be with every thing on. the. 
earth. While the earth and its creatures are carried in the 


t is needleſs to. 


ſame direction, and with the ſame velocity, every thing muſt 


happen as if it were at reſt. As the people in the cabbin of a 
ſhip, Who carried along by a ſmooth current, can only per- 
ceive they move by N out of the windows, at gbjects 
which are at reſt; ſo we who are carried by the regular and 
unceaſing motion of the earth, can only 8 we moye 


” looking at the ſun and ſtars, which reaſg 
ationary. 7 2 way ak 


. ne i 


n aſſures us are 
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Werne 


1. is ern by Sir Iſaac, Newton, in bis Mathematical 


Principles of Natural Nieper. that the planets are retained 


in their orbits by a power of the ſame nature, or rather by 
the ſame power as that which cauſes bodies to fall towards the 


earth. This power is N gravity, and it will not be 1 
8 a : 2 | . Cc | 
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cult to give an bee is ration, of the manner in wkieh it 


acts in the preſent in 


its courſe ; and this change of motion is always in proportion 


to the force by which it is cauſed. F6r example, if a "Cannon ' 


| ball de let fall, it will, merely by its gravity, paſs this” a ſpace 


of about 16 feet in à ſecond; and if it be thrown horizontally. 


with any velocity whatſoever, it will deviate from the level 


or right. Iined cburſe exactly the fame quaſitity towards the 
Center of the earth in a ſecond. Suppoſe the action of gravity 


to be ſuſpended, and it is evident that the ball profected in an 
horizontal right line; would procetd for ever in ä tangent to 


the earth, with an uniform velocity, becauſe there would be nq 


cauſe by Which either its direction or velocity would be 


changed. 9 computation” it is eaſily — that after 


paſſing throug ; more 
remote from the center of the earth than at firſt; But again, 

ſüppole gravity to act, and the ball to be projected horizon- 
tally with a velocity of 25, 870 feet in a ſecond, this projectile 
force will carry it from the center 16 feet in the ſame time 
that gravity carries it the ſame quantity towards the center. 
That is to fay, at the end of the fecorid the ball will be found 
- at the ſame diſtgnce from the center as at firſt, becauſe theſe 

© contrary forces prevent each other's 'operatiorf, The ſame 
may be ſhewn likewiſe for the next ſecond; arid ſo on, *till 


ace of 25,870 feet, it would be 1 
t 


the ball having paſfed round the earth, ſhall have deferibed a | 


complete-circle, which it will continue to do for ever: "And 
becauſe 25,870 feet is contained 5077 times in the citeumfe- 
renee of the earth, the revolution will be completed in 5077 
%  lody 
It. is ſcarcely neceſſary to obſerve, that this velocity is far 
1 any that can be given to bodies by human art. 

he motions of the heavenly bodies are found to anſwer the 
moſt rigid computations fou ded on the principle of gravity. 
This power is found to decreaſe at greater diſtances from the 
F the inverſe proportion of the ſquare of the 
diſtance. That is to ſay, the gravitating force at ahy diſtance 
from a given body, is to the gravitating force at any other diſ- 
8 * the ſquare of the laſt diſtance is to the ſquare of 

Sa. 

A body attracted by the earth, or any other body, &c. dbes 
itſelf attract the 2 &c. with an ela force in the eontrary 
ditection. For if the earth were not attracted by a mountain 
with a force equal to that which it exerts on the mountain 
icfelf, the preffure by which they adhere together would be 


LF 4% 


ice. It is evident from every experi- 
ment, that motion is always performed in right lines, exeept 
when ſome external force cauſes the moving body to change 


feet more 
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greater 


a point is called center of gravity. G l Nast 
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ortater-in_ one direction than another, and conſequently the 


whole maſs would move towards that part. But no ſuch mo- 
tion is ever generated. From this re- action it is impoſſible for 
one body to revolve round another, while the latter remains at 
reſt. Theſe revolutions are always performed about a point in 
the line which joins the centers of the two bodies; which 


The forct of gravity exerted by one body on another, my 
be ſaid to be equal on all its parts, when the nitude or di 
ameter of the latter body does not bear any ſenſible proportion 
to its diſtance; but when the contrary is the caſe, the nearer 


parts will be attracted perceptibly more ſtrongly than thoſe 


wich are more remote. This takes place in the earth, and is 


the cauſe of the tides. For the moon revolves about the earth, 
as has before been obſerved, or to ſpeak more ſtrictly, abo 


the center of gravity of the moon and earth, while the earth 
deſcribes-a ſimilar orbit about the ſame center. Now if the 
inſtance of the cannon ball be remembered, it will be eaſily un- 
derſtood, that where gravity acts leſs powerfully, a leſs pro- 
jectile velocity will be required to keep the revolving body 
from approaching the center; and conttarywiſe, a greater ve. 
locity will be required, where gravity is ſtronger. The earth 

volves about the moon with a projectile force which is ad- 
juſted nearly to the action of the moon's attraction on the 
— near. the earth's center. Conſequently the parts on the 


ſide neareſt the moon, where the attraction is more powerful, 


have not a ſufficient velocity to prevent their approaching to- 
wards the moon, if the earth's ſtronger attraction did not fetain 
them; and the parts on the fide fartheſt from the moon, where 
gravity.is leſs ſtrong; are moved too ſwiftly, and would recede 
towards the direction of the tangent, if they were not likewiſe 
retained by the earth's attraction. But though the earth's at- 


traction is ſufficient to retain theſe parts, yet it does not retain 
them ſo ſtrongly as it would if this action of the moon did 


not exiſt. The unequal attraction of the moon, therefore; 
renders thoſe bodies leſs heavy which are neareſt to, and alſs 
thoſe which are moſt remote from the moon. 

HBeſides this effect which is pfoduced by the inequality of the 
action of gravity at different — there is another which . 


_ wifes from the direction in which it is exerted. For the dis 


rection of the projectile motion of the earth being in the tan 
nt to the orbit ided by its center; the parts remote from 

the center, which are ſituated in the ſame orbit, will not be 
moved in the direction of tangents to the parts of the orbit 
poſſeſs; for the preceding parts will move in 4 direction 
out the tangent, while the ſueceeding parts will _ in 
5 ER WY mY a direc- 
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a direction within the tangent. On this account the moon's 
attraction will be exerted more directly againſt the motion of 
the preceding parts, than of the central parts; whence the 
motion of the preceding parts will be leſs than of thofe at the 
center, and conſequently the forte by which they tend to the 
center will be augmented, that is, they will be heavier.” And 
on the contrary, the moon's attraction will add to the motion 
of the ſucceeding parts, and increaſe their weight likewiſe in 
the ſame manner. On both accounts therefore, the parts of 
the earth immediately beneath the moon, or thereabouts; and 
alſo the oppoſite parts of the earth will have their weight di- 
miniſhed, while thoſe which are pat ar diſtant from the 
r the moon, will have their weight 
inc 8 Ns l 9 G is OE GIO 1243.5 36 $9769 - 4g. ? 
If the earth intirely ſolid, theſe ſmall variations in the 
weight of its would be abſolutely inſenſible to common 
obſervation; but if the earth were fluid, or every where covered 
with à deep ſea, the waters by their weight would not ſubſide 
to equal diſtances from the center, and: form a globe; but 
* lighter beneath, and oppoſite to the moon, they would 
e be higher, and at the intermediate parts they would ſub- 
fide, on account of their greater gravity, So that in this caſe, 
the earth would aſſume the figure of an oblong ſpheroid, whoſe 
axis if continued would paſs thro? the center of the moon. 
Thus far we have not attended to the rotation of the earth 
on its axis. Let the moon be ſuppoſed immediately over the 
equator, and the earth to revolve on its axis. The protube- 
rant parts would then be carried to the eaſtward, and would 
ſubſide as their gravity increaſed by their change of ſituation; 
and the depreſſed parts would rife for the contrary reaſon. But 
28 this | ſubſidence and elevation cannot be ſuddenly effected 
when their cauſes are ſmall, and as the action of the moon ex- 
tends to a diſtance on each of the points at which it is moſt 
powerful, the greateſt ſubſidence: will not happen at the goth 
degree from the line paſſing thro' the center of the moon and 
earth, but at a diſtance to the eaſtward of it; and the greateſt 
elevation will not be at the points immediately beneath or o 
poſite he moon, but at a like diſtance to the eaſtward. By 
chis means in the courſe of the diurnal” rotation, or more pro- 
perly in the courſe of à lunar day, every place on the earth 
would have twice high water, and twice low water. High 
water happening at a certain time after the moon's coming to 
the meridian of the place, either above or beneath the horizon, 
r — dle time, between the two terms of 
| 8 ' & 1 n ** 
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COS MOGRAP H x. 79 
But the ages is only in part covered with water, and there- 
fore theſe effects take ma only according to circumſtances. 
In extenſive oceans it is high water Wer daun, after the moon 
bas paſſed the meridian, and later in narrow ſeas and rivers 
which have a free communication with the main ocean. But 
inland ſeas which haye either ap rfect communication 
or none at all with the ocean, ha 10 Rides ecauſe their ex- 


treme parts are not ſufficiently remote — each other, to be 
| 2 * affeQed either by the difference in nn. or or” 


the moon 2 t 12 #4 1 N WTF i ' 
The differences * 5 Ack the parts of the,carth, 
produces an effect E to that of the moon; 5 4 becauſe the 
lun is vaſtly more diſtant than the moon from the earth, the 
diameter of the earth bears a much leſs proportion bh this diſ- 
Ae and the e * are much, leſa. When, the ſun, moon, 
and earth, gp e neatly in the ſame line, 170 is, at the time. 4 00 
new and full moon, am, action of the, ſun, rai | 
at the ſame; places, as — 5 2 moon Tee and th and the 
pins being then highs ed Spring tides, But When 
ſun and 72 are 900 apart he at the 6xſt, and, four 
| 5 1 beginning, the ſun. raiſes, the 919 where the moon 
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then RR are called neap. 7 5 At — — ages of the 
moon, the tides are ee by the combination, of the two 
forces; becauſe erence of attraction which cauſes 
the tide is always ſtrongeſt in the moon, the time of tidg.1 is 
always regulated by the moon's coming to the meridian, 
The afflux which cauſe blah: water in the ocean, is langer 
in paſſing thro narrow. ſeas a rivers, as, has been remarked; 
but as the obſtacles by which the tide is retarded. are always the 
ſame, winds excepted, at any given plage, ſo the difference 
between the time of tide out at ſea, and at any place upon. the 
coaſt of a river or narrow, ſea, is always the ſame. Iteis 
therefore a rule, that if the time of high Water at any place; 
on the da ay. of the new or full W 8 added to che e time 'of 
.the. moon's Hey the meridian, take! from an ephemeris 
.or otherwiſe, .th will be the time of h high water for that 
ee. The laſt column in a n contains theſe numbers. 
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Thi n by man y methods; but it will de ſu cient for dur ph 
poſe to 


Lonſtantiy from the Egſtward 
| "of the equator, to the latitude of 289,” To the Northward of 


more Northerly,” the” nearer the northern Ji 


10 


ee. 


4 nl 4 
Meir bee: mee, had 155 W 666 $4 OR 4 
2 2263 Ag of Mart 5 

x 
* 


8 . l ; 1418 52 ing. 
term 212 De * * 1 a 5 . el IV. 


eta no: wel 
mene bor ene Mc: 1) 3+ bin „Dian, $11. Myc wh 
RET CARS lh oy N. noi art ee eee 48469; hy 
| Kahmann Or Wi # D n a Pate 
n 14730 ar | n F, Wie HK 10 
2 8 A $a3547 38S G nit ile 20661 22 TAS: _—_ S693 
ee ka Wien 07 een b og ad ine bens Ii 
A WIND is a body of air in u „ and tikes its n * 
from the point of the compafs from e it os! 


That m on of the air which —— wine wind, is in 
wal if not always, catſed by the alterations of temperature to 


Which, from various cauſes, the atmoſphere i is ſuhject. For 
alt bodies expand," chat 5p to ſay, occupy more fpace-when 


Heatef, than when cool; and it is ci wel known that 
"two aids, the lighter will riſe to the Higher place. Now 
"two; portions of the air at the _— of the earth be in dif- 

4 uten, the ho! reaſon of its expan- 
n de Tpecifically the leaſt h 25 * willeonſehuently riſe 
1 the "Jenfer ar ruſhes in on all fides to ſupply its'place. 
ruſhing in of the air is wind, and ma be ex tor 


rect the reader's attention to the aſcent of heated air, 
ich aſcends this þ with the ſmoke from all culinary Fires. 
y. the hel 


Ness 4 


fter ſpeaking of them in order. 
Wien relpeck to their direction, 50 may be Ne under 
thre dend or 'Flaſſes,” namely, era, 5. e au = 
ane = 
= General witids are thoſe which blow a ** in the 


Tame direQion, | In the open ſeas, chat is, in che Nahe and 


Pacific oceans, under the _ the wind is Wend *o blow 
; this wind preyails on both ſides 


the equator, the Wind is between the North and 1 and 0 
m 't 
Southwird of t 6 equator; che wind is 'between'the 3 
Eaſt, and the more Southerly, the nearer the ſouthern limit.” 
Between the parallels of 28 an * South latitude, in that 
tract which extends from 300 Weſt, to 100* Eaſt longitude 
from the meridian of Lindon the wind is variable ; but by 
Autſthe krpater part Eun the N. W. and 8. W. ſo that the 
_— 


h this preliminary” obfervation, we ſhall 'be 
enabled to hint ax the erer of the * ſeyera] Lins of winds, 
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,  COS$MOGRAPHY. 91 
dutward bound Eaſt India ſhips generally run down their Eaſt- 
ing on the parallel of 369 Scu ty. 
" Yeyont the Northern limit of the general wind in the At- 
lantic ocean, the Weſterly winds prevail, but not with any 
certainty of continuance, ions 5 oe c 44696 
Near the Weſtern coaſt of Africa, within the limits of the 
neral winds, the winds are found to be deflected towards the 
ſhore inſomuch, that they are found to blow from the N. W. 
ind §. W. quarters for the moſt part, inſtead of the N. E. 
and $. E. as is the cafe farther out at ſe. 
Tue general wings are uſually called trade winds, 
In the Atlantic ocean the S. E. trade wind extends as far 
k N. and the N. E. trade wind ceaſes at the 5th degree N. 
n 


The intermediate ſpace are found calms, with rain, and ir- 
ular uncertain Tqualls, attended with thunder and light- 


Nas But this ſpace is removed ſomewhat. farther to the 


Yorthward or Southward, according as the ſun's declination 
is more Northerly or Southerly, oo 
- Periodical -winds are thoſe which blow in a certain direc- 


tion fora time, and at ſtated ſeaſons are found to change and 


blow for an e val ſpace of time, from the oppoſite point of 
. compaſs. Theſe may be divided into two claſſes, viz. 
Honſoons, or winds that 2 annually; and land and ſea 
reezes, or winds that change diurnalIůßx. at 
While . he ſun is to the Northward of the equinoctial, that 
is to ſay, in the months of April, May, June, July, Auguſt, 
and September, the wind blows from the Southward over the 
whole extent of the Indian ocean; namely, between the part 
lels of 289 N. and S. latitude, and between the Eaſtern coal! 
of Africa, and the” meridian which paſſes thro' the Weſtern 
part of Japan. In the ſea between Madagaſcar and New 
Holland; the S, E. wind prevails as far as the equator, where 
it defſects and blows into the Arabian Gulf and Bay of Ben- 
gal, from the 8. MW. Between Madagaſcar and the main land 
of Africa, a $. 8. W. wind.obtains and coincides with the 
W. wind in the Arabian Gulf. To the Northward of 


New Holland the S. E. wind is predominant, but varies very 
OL 


much among the iſlands; and between the Peninſula 9 
Malacca ani the land of Japan, a S. S. W. wind prevails. 
All this is to be underſtood for the aforementioned months. 
But in the other months, October, November, December, 
January, February, and March, a remarkable alteration takes 
lace. In the ſea between Madagaſcar and New Holland, the 
„E. wind extends no farther to the Northward, than about 
the rxoth degree of South latitude ; the other ten degrees pay. | 
oocupied by a wind from the — point of the compaſs, 


— 
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vr N. W. at the fame time that the winds in. all the Nor chern 
part of the Indian ocean ſhift round, and blow directly contrar 
to the courſe they held in the former ſix months. Theſe 
winds are called „ eee ſhifting Trade Winds. 
. - Theſe changes are not ſuddenly made. Some days before 
and after the change, there are calms, variable winds, and 
dreadful forms, attended with thunder, lightning and rain. 
On the greater part of the coaſts of lands ſituated between 
the Tropics, the wind blows towards the ſhore in the ay 
time, and towards the ſea in the night. Theſe auen 
winds are termed the land and ſea breezes, and are much, af- 
fected both in their duration and returns, by the courſes of 
. ͤð-̃ ... fm PRE 
"" Variable winds are thoſe which are ſubjected to no period 
either in direction or return, and are too well known to need 
e F 
8 If the earth did not revolve. on its axis, it is plain that the 
ſun being ſtationary over one particular ſpot, would rarify the 
air at that ſpot : it would conſequently. aſcend by the prefſure - 
of the circumambient and leſs rarified air, till it artived at a 
region in which the air was ſufficiently rare to ſuffer it to ex- 
pand on all fides.; and thus there would be produced a con- 
verging wind near the ſurface of the earth, and a contrary or 
- _-ivergent wind in the upper region of the air. But ſince the 
earth does revolve on its axis, and the ſun therefore is aot 
= ſtationary, it follows that the place at which the air is. moſt 
- - __ faxehed, will be found ſucceſſively in every point of the paral- 
lel over which the ſun moves in the 9 of a day. And as 
this place continually moves to the Weſtward, the lower air 
muſt as conſtantly follow it. Hence we have the origin of the 
general N. E. and S. E. trade winds, which no doubt would 
extend over the whole of the ſpace between the tropics, were 
it not for the different temperatures of the continents. and 
iſlands over which the ſun paſſes.” For the ſurface of earth is 
more heated than that of the ſea, by reaſon that the tranſ- 
parency of the water permits many of the rays of light to paſs 
to its interior parts, before they are ſtifled and loſt. The air 
therefore which is contiguous to the land, wil be more heated 
| than that which reſts upon the ſea, and will prevent the regu- 
bo Jarity of the effect. Thus near the Weſtern coaſts of Africa 
and America, the winds blow from the Weſtward, to ſupply 
the conſtant rarefaction which thoſe heated lands produce. 
Ide general N. E. and S. E. trade winds, producing in 
the upper region of the air winds. in the contrary directions, 
ſeem to be the cauſe of the Weſterly winds which are obſerved 


* 


to prevail between the latitudes of 28 and 400 South. | 


28 


12 


— 


winds which prevail in the Indian 
we are in poſſeſſion of, are too few and too inaccurate for the 


* 
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In secounting for the monſoons or periodical trade winds, it 


is nay to mark the peculiar circumſtances which they obtain, 
in'the Indian ocean, and which are not-found in.the Atlantic 
or Pacific oceans. They ſeem to be theſe :+ that the ocean is 
bounded to the Northward by ſhores whoſe latitude does not 


exceed the limits of the general trade wind; and that the ge- 


neral trade wind falls on lee-ſhores to the Weſtward. | 
The ſun being twice in the year vertical in the equator, and 

never departing more than 232 from thence, cauſes the air in 

that elimate to be hotter than at any other place on the ocean; 


and is the occaſion of the trade wind, as has already b 


ſhewn. Such a rarefied ſpace muſt extend acroſs the Indian 
ocean, and produce a South-eaſt wind to the Southward, and 
a North-eaſt wind to the Northward of the equator, © 


which, in the upper 8 of the air, the winds. return in the 


contrary directions. This we accordingly ſee happens in the 
months of October, November, December, January, February, 
and March. But when the ſun declines to the Northward, 
and heats the lands there fituated, the air contiguous to thoſe . 
lands becomes rarefied, and the lower air has a tendency to 
move that way. This tendency increaſes as the ſun advances 
farther North, inſomuch, that the whole body of the lower air 
to the Northward of the equator, moves thither, notwithſtand- 
ing the equatorial rarefaction which muſt be ſupplied by the 
upper or returning current. So that the body of the lower 


air in the Northern part of the Indian ocean, is determined, 


as to its courſe, by e greater rarefaCtion : if the rarefaction 
at the ſurface of the land be greater than at the equator, the 


wind blows to the North, and the contrary hap ns when'the - 
wi uatorial rarefaction is greateſt. - When the Northerly trade 
wi 


nd prevails, it blows out of the Arahian gulf, upon the 
coaſts of Arabia, Aynan, and Zanguebar, and is reflected into 


"the Straits of Moſambique. And at the other ſeafon, the g. 


% o 


neraf Southerly wind ſeems to be reflected to the Weſtward by 


the fame caule, 


Theſe, or ſome fuch like, are probybly the cauſes of the 
s. But the oblervations 


- Purpoſe of forming a theory. To which may be added, that 
all the atmoſpherical appearances ſeem to depend on ſo many, 
*till of late unregarded cauſes, particularly the operation of 


eleQricity,. that to inveſtigate them more minutely would re- 


quire a ſeparate volume. 2 1 | 
After what has been ſaid, it will not be difficult to account 


for the land and ſea breezes. For the land being heated in the 


day-time, the wind blows in ſhore to ſupply the place of the 
os, the wind flow i EE NS 


% Of the relative Situation of Placks. 5 


aſcendent rareſied air: and in the night the land ci and 
condenſes the air, occaſtoning' the land breegſg eee. 

2 Phe circumſtances on which the variable winds depend, are 

referable to thoſe already noticed, but act ſo differently in par- 

ticular caſes, that we cannot pretend in this place to reduce 
tien to any regular enumer atio. 
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Or Taz InsrauUMENTS usSED. To MEASURE ANGLES, 
IN travelling over the ſurface of the globe, the two parti · 
culars by the help of which we fix in our minds or communi- 
gate to others the idea we have of the ſituation of any place, 
dre its diſtance from ſome other known place, and the direc- 
tion in which that diſtance is meaſured, The diſtance is 
| by admeaſurement, or the ſucceſhve application of ſome 
own meaſure, as a foot, a yard, a, pace, &c. by which 
it is diſcovered how many are contained in that diſtance 3 
and the direction or bearing of the place under conſideration, 
from the other known place, is determined by meaſuring the 
angle formed between a line drawn in ſome ſettled direction, from 
the latter place, and another drawn between the two places. 
Thus, Fig. 57, the ſituation of the place A is detelmined with 
reſpect OY when the ditlance BA is meaſured, and the bear- 
5 ing or angle formed between line BA and a line BC drawn 
in ſome ſettled direction from B, is likewiſe known; provided 
_ it be noted at the ſame time whether BA lies to the right or left 
5 a BC. Now the magnitude of the original meaſure by which 
BA is determined, as well as the poſition of BC, Mya; 3-19. 3 
but when each is ſettled by the conſent of mankind, the coats 
to be equivocal, and become determinate and. preciſe, . In the 
dawn of - ſcience, it is very probable that the poſition of the 
principal line BC, was determined by that of ſome remarkable 
object, as a mountain, a coaſt, or the like, and accordingly 
we find that the names of ſeveral winds, both in the ancient 
and modern languages, are taken from the places“ from which 
they blow to ſome other place. But this confined method of 
marking the bearings, could not be long uſed even in the in- 
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faney of knowledge. The impoſſibility of drawing any line 
upon the earth 2e ene be — referred to fo this 
purpoſe, made it neceſſary to have recourſe to the heavens, by 
which the Eaſt, Weſt, North, and South points of the horizon 
are determined, as has been already mentioned. Theſe points 
are called the Four Cardinal Paints. poor at wr ori FP Sik 
The Mariner's Compaſs is an inſtrument which is made uſe 
of for readily determining the ſituation of the cardinal- points, 
and conſequently of the other ſubdiviſions of the horizon, Its 
incipal part is a card or circle of {tiff papet, whieh is divided 
y diameters drawn and ornamented as in Fig. 58. This 
card repreſents the horizon; the point marked with the 
| de lis is the North point, and its oppoſite is therefore the 
South; the point marked with a croſs is the Eaſt, and ats op- 
poſite is therefore the Weſt; the intermediate ſeven points in 
each quadrant are named according to the letters whieh 
pear in the figure, in which the letters N. 8. E. W. ſtand for 
the words North, South, Eaſt, Weſt. At the center of the 
card is a cap of metal, or of agate, hollowed conically under 
neath ; and immediately beneath the N. and 8. line-is fixed a 
ſtrait bar of ſteel, rendered magnetical, which is uſually termed 
the Needle. This card is incloſed in a box, in the center of 
which is fixed an upright point of metal, upon which the card 
is poiſed horizontally on its cap, the whole being preſerved 
from the air by a pane of glaſs at top; and for ſea-ſervice, the 
box is flung in an apparatus, which enables it to continue 
nearly horizontal, notwithſtanding the agitation of the veſſel. 
The conſtruction of this, as well as of any other inftru- 
ment, may be much more readily apprehended by a view of the 
inſtrument itſelf, than from the moſt accurate deſcription z we 
ſhall therefore only remark, that the card being ſupported on 
a ſingle point, is kept in an horizontal ſituation by its weight - 
which lies below the center of ſuſpenſion; and would there- 
fore revolve horizontally, or reſt with its points in any ſitua- 
tion, were it not for the magnetical bar or needle, which hav- 
ing a tendency to conform itſelf nearly to the meridian, de- 
tains the card in that poſition. 80 that its North point will 
always continue North, however the box itſelf be moved, 
provided the card be left at libertxꝛ. N 
. Philoſophical writers may be conſulted for a full account 
of the property of magnetiſm, which is peculiar to iron; and 
| h kftiown from the earlieſt ages, is ſtill among the moſt 
wonderful and leaſt underſtood events in nature, There are 
few who have not had opportunities of ſeeing a —— 
taken up and ſuſ by « mognotion) bf &f- art 
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ſmall paper boat be placed in a veſſel of water, and a ſewing 


needle put into it, it will as uſual reſt in any poſition; but if 
the needle be previouſly touched with a magnet, it will have 
_ aequiredthe property called magnetiſm, by means of which one 
pf its ends will turn to the North, and the other to the South: 
and if the paper- boat be removed into any other poſition, the 
polarity of the needle will carry it round, ſo chat the ſame ends 
of the needle may again point to the North and South as be- 
fore. The uſe of the boat is to take away the greateſt part of 
that friction which in other circumſtances prevents the needle 
from turning, and any other method which would ſufficiently 
diminiſh that friction, would anſwer the ſame purpoſe,” - 
Fhere are many methods by which magnetiſm may be ori- 
ginally given to iron. Tf à bar of iron be fixed or lie long in 
nan upright poſition, if it be placed in a North and South di- 
- ._ reRtion, and rubbed all one way with a blunt file ; if in the 
_ ame poſition it be hammered at one end, if it be heated and 
cooled in that poſition, or, in ſhort, if any thing be done 
'-which ft agitates its parts, while it lies in the direQion 
of the meridian, it will acquire a degree of magnetiſm which 
may be afterwards increaſed in a number of magnets, by ſuc- 
ceflively touching them wich each other, according to rules 
| Yiſeordied by experience. In all theſe kinds of experiments 
there is a certain knack or habit, that is gained by practice, 
and. is very neceſſary in order to ſucceed, | The loadſtone is an 
ore of iron, which is magnetical, which property it probably 
acquires by lying long in the mine in one poſition. 
Every magnet has two points nearly 3 it hich the 
attractive force is ſtrongeſt; In a ſtrait bar of iron or ſteel, 
theſe points are commonly at the ends. They are called Poles. 
Phat point which tends to the North, is called the North 
Pole; and the other the South. And in any two magnets, 
poles of different names attract each other; but poles of the 
fame name repel. In touching a bar in order to give it the 
property of magnetiſm, that end of the newly touched bar, 
which was touched on the north pole of the magnet, becomes 
2a South pole; and that which was touched on the South pole 
of the magnet, becomes a North pole. r 
9 math Compaſs Needls. ; ny 
IT ery yy ot opted ant od K. ay 6 2 "TALLY 
Having two ſtrong magnetical bars, lay the compaſs needle 
as nearly Cong South as may be, — intended North end 
Northwards. Join the two magnets in a line conſiderably 
above the cor — . 
Hern x 8 5 SE" RP 83 
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Wards; and bring.tham down upon Merch ſo that the place 


five or fix, reiterations, the nee 


Ls 
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of junction may be over its center. Then draw them aſunder 
a 


along each half of the, needle, and continue their motion till 


they are more than eight inches clear of its ends. By a cir- 
cular motion bring them again to their former place, and join 
them as before. Repeat this operation, always taking care not 
o turn either of the magnets out yy e and after 
e ill be ſufficiently.mag-, 


F r 6t 096 ee ee 
The bearing of any object may be taken by looking at it 
directly 5 center — of the card, 1 Prion gw 
compaſs which ſtands directly towards the object is its bear- 
ing. There are compaſſes made ànd fitted up for the parti- 
2 rpoſe of taking bearings. Tbey are called azimuth. 
compaſſes, and differ from the common in having the outward. 
edge of the card divided into degrees, counted from North and 
South; and on the upper part of the box, which is likewiſe. 
graduated, is attached agnoveable index with ſight s 
We haye obſerved, that the ma tical bar or needle when at 
liberty, conforms itfelf,neorly to the, plane of the meridian, or 
North and South diameter of the horizon; there being few places 
at which it lies aceutately in. that line. The compaſs therefore, 
in moſt places, can only ſhew the bearing of an object neariß; 
and the difference or angle formed between the poſition of the 
needle and the true meridian, is called the variation! of the: 
compaſs. The variation is always teckoned from the Nottb, 
that is, if the North end of the needle vary to the Eaſt of 
North, the variation is ſaid to be Eaſterly; and if it vary to 
the Weſt, the variation is ſaid to be Weſteriyj The direction 
and quantity of the variation is not the ſame in all places, 
neither does it continue unchanged for à length of timelat 
. place. {1 23 ie opt Ailge 1 5 10 
For meaſuring arcs of the horizon, the Mariner's compaſs, 
or ſome equivalent inſtrument, is generally made uſe of; but 
for meaſuring altitudes or ares of the azimuth circles, the qua- 
drant is commonly applied. Let CDE, Fig. 59, repreſent a 
quadrant or quarter of a cirole, made of braſs or other conveni- 
ent materials. On the radius CK are fixed two upright pieces 
of braſs, in each of which is drilled a ſmall hole, thro' which 
objects are to be viewed, : The are or limb DIE is graduated: 
from D towards E, into degrees and ſubdiviſions, according 
to the magnitudꝰ of the inſtrument. And from the center C 
is ſuſpended a plumb line CP. Let & be an object whoſe! 
altitude is required. Look at it through the ſights on the 
radius CE, holding the quadrant upright, and the number of 
degrees, & c. comprehended in the arc DI, or the angle 3 $95 
g | tween, 
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bobs the radius DC'and'the plumb-line, will be the alti- | 


tude required. 

For continue als glenb- Be PC upwards to F, and thro” 
ez draw AB at right angles to FC. Then will the angle 
G be the altitude or angular height of G. Now by mr 
right ono *he angles ACO, GCEF, are together equal to 


js obey e, and the angles bel, ick, are together equal 60 


right angle; and the angles GCE; ICE, are equal; theo. 
3 ſect. 1 they are verti I. From the ri bt a 215 
AF, ta e an Cp, and from We right wk D 

take qual angle ICE, and the remaining angles Sm 
2. "Thee Del, will be equal. Which was to pred. 

— = me Are called mural bon when they are 

wall of an obſervatory — ſometimes 

= vey lrg "and are 4 4, up with a teleſe aid of 

ts on the radius, and the graduations are rined to an 

nithing degtee of accuracy. But che oſcillations to: nch 

the plumb-line is fubjeck at ſea, render them abſolutely unfit 
for naval purpoſes, tho" the: ſimi icity of their * 

induced us to inſert z deſoription this place. P 


* 8 25 uw 


. Altitudes, AS e alLocher angie dlifiences.in 9 50 
vent; are meaſured at ſea by Hadley's quadrant, an inſtrument 


ſo very much ſuperior to other portable 1 


which has yet been made uſeic — purpoſe of meafur 
angles, that it is really ſurpr g che den land ſurveyors 
others have not long a _ ituted it in the place ef Ine more 
inaccurate, el umſy and expenſive inſtruments they make uſe of. 
his quadrant, Ng. 50 85 for ſuch it is in effect, conſiſts of an 
are or limb BC of 45% "firmly attached to two radii AB, AC; 
and he index paſſes thro* the center K, upon which it moves 
or turns. Upon the index near the axis is fixed a plane ſpecu- 
lum E, or mirror of glais quick-filvered: this ſpeculum is 
perpendicular to the plane of the quadrant, and is ſet in a 
braſs frame, which re two ſcrews behind it, (not the 
ſmall ſerews 
in the. perpen — if by any: means i ſhould loſe 
ies adjuſtment; ? 

On the radius AB is fixed two. or rr tert. en 
gbaſſos, ſer in braſs,” and jointed into a ſtem, ſo that they may 
either bo turned down before the ſpeculum E, or turned back 
out of che way. On chis- radius likewiſe is fixed two other 
ſpeeulums, F and G, uſually called horizon glaſſes. Fhey are 
only quiek=ilver'd ir part: 9 glaſs F is quiok-filvered-on the 
0 W went the nt; ee 5 r tranſ- 
8 888 


the glaſs is faſtened in) may be replaced 


W * . 
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to part in the middle, which is bounded 


5 by the help of a double convex gn or magnifier. 
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Tha uſe of Havuzy's Quadrant. 89 


parent, and the back of the frame being cut a ſo that it 
may be ſeen through. The edge of the foil of -this glaſs is 
nearly parallel to the plane of the inſtrument, and ought to, be 


very ſharp and neat without the leaſt flaw. The other hori- 


zon glaſs.G is quick-ſilvered all over except a flip or.nar- 
| by lines likewiſe 

rallel to the plane of the quadrant. - Each of theſe glaſſes 
is ſeverally ſet upon an axis which paſſes thro' the wood work, 


and is provided with a lever on the back face of the radius, by = 


the help of which the glaſs may be turned a few degrees on 
its. axis; and as it is neceſſary. they ſhould be perpendicular 


to the plane of the quadrant, there are two ſunk ſcrews that 


by thro' the circular plates to which the frames are ſcrewed, 


tightening or flackening which 9 it is eaſy to 
place the glaſſes in that ſituation. Laſtly, at 1 is a ſight or 
perforated 172 of braſs, thro' which the obſerver looks into 


the glaſs , and at H is another fight, thro! which the ob- 
ſerver looks into the glaſs OO. 
$3 b nbi mf Tons from IS I HE BT RN EVE: 
Went Ceprudf.y | The .uſe ef Hadley's Quadrant. r , 
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\ The obſeryer muſt in the firſt place become acquainted 
with the diviſions on the limb, and on the-ſmall. arc which 


is carried by the index. The limb is divided from right 


to left into 90 primary diviſions, which are to be counted 


as degrees, and each degree is fubdivided into three equal 


: 


ſerves to read off the 20th parts of ole. Gs ler divi- 


fions, that is to ſay, minutes of degrees. example: if the 


little dot or ſtar in the middle of the arc ſtand between any _ 


two diviſions on the limb, the quantity is to be read by takin 
the number of the ſmalleft of the two adjacent primary divi- 
fions as degrees, and as many times twenty minutes as there 


are whole ſecondary diviſions between that primary diviſion 


and the center. line of the index. To this quantity add as 


many minutes as are denoted on the are of the index by that 


line of diviſion which happens to be directly oppoſite one of 
the lines on the limb. It is common. to ſay, the dividing 


plate cuts at this or that diviſion or number of minutes: the 
minutes are to be counted from the central ling. to the right 
hand for the firſt ten, and from the left hand ten to the central 
line for the following ten. In the quadrants uſüdally made 


Cc 


of eighteen inches radius, it is eaſy to eſtimate half minutes 


0 The 


parts, which are therefote of 20 minutes each. The arc n 
the index contains the meaſure of 7 degrees or 21 of the 
ſmaller. diviſions, but is divided into 20 equal arts. . It 


— 


90 The uſe of Habtty's Quadrant, 
The principle r this 4Invirable contrivance for 
metſuring the finkll | parts of lines is built, is, that if toro 
bn lines be divided ito alfquot parts, fo that the number 

of parts in the one line may de one els than the number in tht 
other Une, then mall the difference between one of the faid 
— the one line, and one of the Taid parts of the other line 
& 4 fraction of one of the parts conſidered 4s, unity; and fts 
value will be expreffed by taking 1 for the humerater, and for 

the detrominator, the number of wv ale contaitied in the line 
to which the part corifidered as wn ity does not deleng: for 
if one line be divided, for example, into 21 aliquot r 


- And another equal line into 20 aliquot parts, and the 21 


3 


"TW Sree one minute. 
Fo 0 


de Confidertd as unity, then the 20th" part will de Erpreſſecl 
by the fraction 25 and the difference Betivten theſe parts will 

E ei . And contrarywiſe; if the 20th part be Len- 
Adered as unity, the 21ſt part will be expreſſed by the frac- 
tion IT 5 'whetice the difference Will be P LI er of "es Haſt 

R unit SES 8 N Cehak BEI QIEH GAGE WY! 
| Since the arc on the index is equa] to 21 diviſions on the 
limb, tho' it is omy divided inte 20 parts, it follows from 
this, that the diviſions on the index exceed thoſe on the limb 

- by as part of the latter. Therefore when the wilde line of 
te arc on the index ftands oppoſite to ont dh the, Hmb, the 
"two adjacent lines on the arc will extend tach'z; part, ot 1 min. 
without or beyond the two adjacent Hines on the imb. Aud 


; 5 the index be moved forward till the adjacent fine on Yhe fc 
becomes oppotite the adjacent line on the limb, it Will” have 
By the ſame argument, if! it be tnoved 
ward till tbe ſecond line to the right of the widdhe ne 
on the arc becomes, 6ppolite the line next followin on dhe 
limb, it will. have advanced another minute, that is to fay, 
in the whole two minutes. This reaſoning may be applied 
to any divifion on the arc of the index. . OO 
Previous to actual obſervation, it is neceſſary to de aſſured 
that the ſpeculums are properly adjuſted, For this Re 
»Let two equal lines or ares be divided, the one into m and 
the other into m+1 parts. Then if a part of the former be called 
unity, the difference AH the parts will be TE is 


* 
x , ; 
* 


a part of che latter be called unity it will ben ==, 


at 14k 
Hence it is a general rule in this method of dividing inſtramevts, 
© that, the number of diviſions on the arc of the index muſt 
"equal to the number of parts into which a fingle part on the limb is 
required to be divided; and the length of the ſaid arc in parts of 
+; the limb, muſt be equal to one more than that number. 
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The uſe of Hapuzr's Quadrant: 1 


the index muſt be ſet at o or the beginning of the ien; pet 
on the limb, and fixed there by the ſcrew at the back; and 
the obſerver muſt look thro* the fight I, into the horizon 
laſs F at the edge of. the ſea, or ſome other very diſtant object. 
He will then behold the ſea thro? the ungquickiilvered part of 
the glaſs, and in the quickſilvered part he will fee a ne 
of the ſame, which is afforded by the great fpeculum E. If 
the horizon ſeen by reflection meet exactly, and form one con- 
tinued line with that ſeen thro? the glaſs, the inſtrument is in 
à great meaſure adjuſted ; but if it do not, the milled ſcrew of 
the lever on the back ſide muſt be looſened, and the horizon 
glaſs, moved on its axis till that is effected; at which time 
2 ever muſt be again ſecured by the ſcrew. This adjuſt- 
ment is performed while the quadrant is held upright; but 
now let the obſerver incline the quadrant on one ſide as much 
a8 enz provided he ftill ſees the horizon in both parts 
of the glaſs F. If in this ſituation the edge of the ſea con- 
tinues to form one unbroken line, the quadrant is perfectlyx 
adjuſted. But if the reflected horizon becomes ſeparated from 


that ſeen by direct viſion, it is a proof that the ſpeculums are 


not both perpendicular to the * of the inſtrument. Sup⸗ 
poſe the obſerver to have inclined to the right or with the 
face of the quadrant upwards, and that the reflected ſea ap- 
pears higher than the real ſea; this will be remedied by flack- 
ening the ſcrew which is before the horizon glaſs, and tight» 
ening that which is behind; but if the reflected ſea appear 
loweſt the contrary muſt be done. | Ty 
This laſt part of the adjuſtment by inclining the 8 
is almoſt generally neglected. It is true that it is not of ſo 
much importance as the other part, and hen once performed 
may not be required to be done again for à long time; but 
the firſt adjuſtment, namely, by the lever at the back of the 
uadrant, ought to be examined into very often, that is, at 


| leaſt before and after every aſtronomical obſervation, "Thoſe 


1 


who are deſirous of being particularly accurate, will find it 
adyiſcable, after adjuſting as near as poſſible by means of the 
lever, to move the index; and after bringing it back fo as again 
ta cauſe the ſea to form a continued line, obferye whether it 
ſtands exactly at q. If it do not it will exhibit a quantity to 
be added or fubtrafted from the obſervation according as the 

index ſtands beyond or before o. N „ 
bſervations taken by means of the horizon glaſs F are 
called fore obſervations, becauſe in them both object are be - 
fore the obſerver ; but when the glaſs G is uſed, the obſerva- 
tion is called a back obſeryation, becauſe one of the objects 
is behind or at the back of the obſerver. 2 fore obſer- 

vation is made by ſetting the index at o, and looking direct- 
* y Jeng * 9 N 
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9 | The uſe of Habrer's Quadrant. | 


ly at the brighter of the two objects, the 8 being at 
th | | may be ſuppoſed ' 
to paſs thro' both objects and the eye of the obſerver. Then 
» gently move the index forward, and the object will ſeem to 


e ſame time held nearly in the plane, whic 


| t in two by the ſeparation of the reflected image from the 

9 5 itſelf. Cantina to advance the index, — follow the 
after it; by which means the reflected image will be brought 
very near A other object ſeen directly thro* the glaſs. By a 


genes libration of the whole quadrant, the reflected image may 


made to deſcribe a circular arc, paſſing and repaſſing by the 


 obje& ſeen directly. If the two objects do not ſeem to touch, 


the index muſt yet be advanced; if they ſeem to coincide or 


lie upon each other, it muſt be moved back ; and when the 


reflected image in the libration ſeems with its extreme edge 


exactly to touch the extreme edge of the other object, the ob- 


ſervation is made, and the number of degrees and minutes cut 
by the index on the limb is the angular diſtance between the 


objects, or more properly between their edges or extremities, 


hen the reflected image is too weak to be ſeen in the clear 


part of the horizon glaſs, the obſerver muſt look at it in the 


quick-filvered part, making uſe of the inner hole of the ſight; 


but this method being attended with an uncertainty in mark- 
ing the coincidence. 


moon, one or more of the ſcreens K muſt be tur 77 
Intercept part of the light as it paſſes from KE. 


The fore obſervation on common quadrants of this con- 


ſtruction extends only to the admeaſurement of angles which 


do not exceed 900; but in order to make it uſeful as far as 
1809, the horizon glaſs G and its ſight is added. There are 


few occaſions at ſea for making uſe of the back obſervation, 
and it is far from being ſo eaſy in practice as the fore obſer- 
vation; for which reaſon navigators ſeldom pay any attention 


to it. Indeed there is one conſiderable objection to its uſe, 


which is, that its adjuſtment is very difficult; The, method of 
adjuſting it conſiſts in meaſuring the diſtance between two ob- 

es whoſe diſtance is nearly 180%. The arc paſſing thro' both 
objects muſt be meaſured in both its parts, and if the ſum of 


the parts be 360 the ſpeculums are adjuſted; but if not, the 
axis of G muſt be moved till that ſum is obtained. But as the 


want of objects in an horizontal direction at ſea renders this 


method inconvenient, the horizon glaſs may be nearly adjuſted 


thus: with ſome other inſtrument find the angular diſtance of 
two objects which are farther apart than go®, and ſet the index 


to its pplement, then look thro? the ſight H, into the horizon 


_ 


* 


ected 1 by moving the whole body of the quadrant. 


ould be avoided when it can be. And 
on the contrary, if the reflected _ be too luminous, as is 
* almoſt always the caſe with the ſun, and at night with the 
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The uſe of 'Hivizy's Quadrant. off 
gas G; and if the one object 2 reflection coincide* 
with the other ſeen directly thro? the unſilvered part, the glats 
is adjuſted as far as relates to the ſituation of the axis on which 
it is mounted; but if the objects do not coincide, the glaſs* 
muſt be moved by means of the lever on the back of the qua- 
drant, as already ſhewn in the fore obſervation, till the coin- 
J earn Madigan and 4e ried 
The uſual method to make this adjuſtment, is to ſet the in- 
dex as far behind o as twice the dip of the horizon amounts 
to; then look at the horizon thro* the flit in G, and at the 
ſame time the oppoſite edge of the ſea will appear by reflection 
inyerted, or up-ſide-down. By moving the lever of the axis 
of Gif neceſſary, cauſe theſe edges to coincide and the ad- 
juſtment js made. = eas pat we. 
There is but one poſition in which the quadrant can be 
held with the limb downwards, without cauſing the reflected 
horizon to croſs the part ſeen by direct viſion. If on trial 
this poſition be found to be that in which the plane of the 
adrant is perpendicular to the horizon, no farther adjuſt-" 
ent is neceſſary than the above deſeribed; but if the hori- 
zons croſs each other when the quadrant is held upright, 'ob- 
ſer ve which part of the reflected horizon is loweſt. If the right 
hand part is loweſt, the ſunk ſcrew which is before the hori- 
zon glaſs muſt be tightened, after flackening that Which is 
behind the glaſs; but if the right hand part be higheſt, the 
contrary muſt be done. This laſt adjuſtment is of much lefss 
conſequence than the former, as an error in this dots not af- 
fect the angle meaſured near ſo much as an error in the other. 
The occaſions in which the back obſervatibn is to be ap- 
plied are when the altitude of the ſun or a ſtar are to be taken, 
and the fore horizon is broken hy adjacent ſhores; or When 
the angular diſtance between the moon and the ſun, or a ſtar 
exceeds go®, and is required to be meaſured for determining 
the longitude at ſea, But there are objections to its uſe in 
both theſe caſes : for if a known land lie a few miles to the 
northward or ſouthward of the ſhip, the latitude, if 1 mem] 
may be known from its bearing and diftance, without mY 
recourſe to obſervation : and again, if the diſtance of the land 
in miles exceed the number of minutes-in the dip, as is almoſt 
always the caſe in coaſting along an open ſhore, the horizon | 
will not be broke, and * fore obſeryation may be uſed, 
And laſtly, if the land be too near to uſe the fore obſervation, 
its extreme points will in general be ſo far aſunder as to-prevent 
the adjuſtment by taking away the back horizon. In the 
latter caſe, of meaſuring the angular diſtances of the heavenly 
bodies, the very great accuracy required in theſe obſervations 
makes it a matter of importanee, that the adjuſtment —_— 
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E 2 of. the. dip is Varied. by. £;P6<hing, dos rolling of the 
e andebivyarigtion which js percepoble inthe megane 


Altitudes by the fore obſervation, is doubled in the adjuſtment 

fdr the back obſervation, and ln ſeveral minutes. It 

nie litenſſe exceedingly difficult, in a ſhip. under way, to hold 
tte quadrant for an) length of time, ſo that the two hoxizons, 
a nat; ergls each gere and in the he's ON FO ine 
tes canngt accurately de diſtinguiſhed. All theſe circum- 
Rances conſpire to render the aqjuſtment upeertain. n. 
be fore; obſeryation is ſubject to none of theſe inconveni- 
>" encies./ For the dip. does not require to be cophidered in its 
-adjuſtment ;. neither is it of any conſequence wares the 
quadrant be held quite ſteady or no; and at night the copyex 
dee of the moon may be uſed, inſtead of the edge of the fea, 
win the utmolt eaſe and accuracy. For theſe reaſons, there 
e inſtruments made, which- extend 3s. far as 120? on the 


* 


|| called ſextants; and, for the greater accuracy, they are uſually 

= - provided with a ſmall teleſcope, to be ſubſtituted in the place 

| © __ of the jo A and. a ſcrew fitted to the front, of the index, 

| #* , _ by which it may be moved more {lowly and gradually than it 
1 _ "could be done, merely by the band). 4 

= / . Fhe quadrants and {extants which, are made in England, at 

we price af two guipeas and a half, or upwards, may in general 

de depended u 2 ta the accuracy of one minute; and the 

greater part 1 obſeryers can make their obſervations to that 

© degree. af exgctneſs, without uſing, the teleſcope; It is reck- 

oned better tg obſerve” cloſe,; than open, that is, to be well 

aſſured that the objects touch each other; and this Fee 

© opinion is well founded, becauſe many perſons are near- ſighted 

_ + without. knowing. it, and ſes ditt Loa a little enlarged 97 

the addition of à kind of pan nina: or indiſtin& ſhading of 

znta the adjacent air. An accurate oþſeryer will find it beſt to 

_ uſe himſelf . teleſcope, i 8 of a 5 1 Fes 

ernennen nn 

5 is di ed into, as has already been noted. 


F779 chu g good Duadrant: or Jertant. 
2 ; In the firſt place, all the joints of the frame muſt be extremely 
| firm and clofe, without rhe leaſt c ning or loofenefs whatever, 
did the ivory an the limb inlaid fo as not to riſe at'either end 
. © Jbovethe plane of the inſtrument. Secondly, all the dividing 
Jines, bath on the limb and index, muſt be very fine and heat, ſo 
that when the center line on the index plate is ſet againſt any 
. diviſion on the limb, the two adjacent diviſions'on the _- 
A 54s a, } 12 en n rait 3 2 2 plate 
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inech inte, But the quan- 


- - hab, and are only fitted for the fore obſervation... They are 
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in order wien the n the and VA ERA Thk d Fai 
he graduationy' are uc 10 Try, look in 
great ſpeculum, Rofching it very 1 about. te 
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ation... bet. the: 5 3 the given plage, 
Hi und L. plane mirrors ſet at right angles, to the paper, and 
A an object in the ſame plane; then the object A may be ſeen 
in the direction DE, by means of the ray of light AB re- 
decded from HI into e line BE, me into the- line 
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© Scholium. An lt ny ing of 655 5 rien 
ſet perpendicular to a plane, together wixh an apparatus for 
meaſuring. their inclination, may be applied to the meaſuring 
| "of angles. For if. the eye be at D, and Fog h object be ſeen 
1 in the line DE, while another ob} ach is n in the 8 
| fame line after two refletions' of che viſual Fora meaſure | 
| of the iclination of the mirrors will be 5 f the an le, ( 
| formed by the 2 8 proceeding from each obſect directiy to 
=p and this laſt angle may be read off on the arc which melee 
2 the incenieds if 'that arc be graduated ſo, that half d 
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Theory of Habzxx's Quadrant. 97 
quadrant; and though the angle it meaſures is the angle con- 


tained between lines drawn from the objects to the moveable 
point D, inſtead of the place of the eye; which is fixed in all 


angles, yet the error vaniſhes when the objects are very 
remote; and is in all caſes inconſiderable, if the ſpeculums be 
as near each other as convenience may allow. . 
It is evident, in the adjuſtment of Hadley's quadrant far 

the fore obſervation, that the ſpeculum muſt be parallel when 
the ſame remote object is ſeen both directly and b the double 


reſſection in the ſame. place. For in this caſe the ray AB is 


parallel to ED, the angle ADE becomes nothing, and its 
half, or the angle EGB, muſt alſo be nothing; that is, the 
ſpeculums are not inclined to each other, and therefore are 
CCE 


THEOREM II. 


Ik two plane mirrors be ſet at right angles with a given 
plane, and an object be ſeen by a ray of light once refle&ted 
rom each mirror, the acute angle formed between the pro- 
longation of the incident part of the ray and the prolongation 
of the part reflected to the eye, ſhall . be equal to twice the 
complement of the angle of the inclination of the mirrors. 
Fig. 63. CNET 2 „„ 2 5 
Demonſtration. Let the repreſentations be as in the. laſt 
figure. Prolong AB and DE: till they meet in d; alſo pro- 
long KL and HI till they meet in G; at the point B draw 
BM perpendicular to HI, and at the point E draw EC per- 
pendicular to KL, and prolong it to meet HG continued 
in e. Then the angle EdA, formed between the prolongations 
of the incident ray and-of the part ED refle&ed to the eye, 
ſhall be twice the complement of the angle EGB, or the 
inclination of the mirrors . 
For the angles KED, LEB are equal, becauſe they are the 
complements of the angles DEC, CEB, which, by the lemma, 
are equal; and the mm GA is equal to the angle KED 
(by theor. 2) and therefore equal to LEBE. Fay 
Conceive the mirror KL to become placed in thefituation 
CN, the line EG will then be perpendicular to it at E, and 
the ray BE will be reflected in the line Ed, making the angles 
BEG, GEd equal. Likewiſe the angle EcB will be the incli- 
nation of the mirrors, and will be leſs than a Tight angle, 


becauſe it is one of the acute angles of the tight angled tri- 
angle GEc, Tec 6th WS > 2 72. 5 ate £3902 G 47 ThE EE 
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Therefore, by the firſt theorem of this chapter, the angle 
Ed is equal to twice the angle EB. n 
But the angle EcB is equal to the complement of the angle 

of the inclination EGB. For the angle EG is equal to 
angles Ee, cEG taken together, (theor. 6) and cEG is a 
right angle; EGB, therefore, exceeds a right angle by the 
quantity of the angle EcB ; chat is, the angle EcB is equal to 
| its complement. 3 5 | | 
= Whence the angle EdB being equal to twice the angle 
eh, is equal to twice the complement of the angle EGB. 
— mich was to be proved. e OY, Sl ele 


© 8cholium. The back obſervation of Hadley's quadrant is 
referable to this theorem. For the adjuſtment is made by 
| ſetting the mirrors at right angles to each other; that is, two 
remote objects, at 180 diſtance apart, are ſeen coincident in 
the direction DO; the one by the two ſucceſſive. reflections, 
and the other directly. In this caſe the ray AB is parallel to 
Ed, the angle Ad Ek becomes nothing, and its half, or the 

. complement of the angle EGB muff alſo be nothing. The 
ingle EGB itſelf, or the inclination of the ſpeculums, muſt 
conſequently be a right angle. And when any other two 
objects are ſeen coincident in this manner, the diſtance of the 

| index from O on the limb, will denote the exceſs of the-incli- 
x nation of the mirrors above go®, orſthe complement of their 
| inclination, which will be doubled by the method of gradua- 
ting the limb, Inſtead, therefore, of the complement, its 
| _ double, or the angle AdE is read on the limb; and this angle 


— is the ſupplement of the angle AdO, formed by rays proceeding 
„ « ; 8 FTIR TEL #27 1 COS et 14 44.4.4 
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{4 ETHODS OF FINDING THE Lazrivpss and 
LoncrTvpss or Places, | 


IF the ſurface of the earth were a plane, the ſituations of 

places might be relatively determined from their bearing and diſ- 
tance; but on the globe lines drawn in the continual direction of 

any point of the compaſs, except the four cardinal points, will 

be curves of that kind called ſpirals, It is the property of theſe 

b | curves 
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curves to wind about a point towards which they either con- 


tinually approach, or continually -recede z- and it is evident 


that the rhumb lines have the ſame relation to the poles. 


From the difficulty which would attend the management of 


theſe lines in practice, they are never uſed except in the 


conſideration of diſtances in which they mays. by ea. 
1 he nt 


their ſhortneſs, be taken for right lines. uation of 
places is moſt conveniently determined by their latitude 


# 


and longitude. | 


If the latitude and longitude could be accurately found by 
celeſtial obſer vation, or otherwiſe at ſea, the art of ane, 
tion would be complete, But this cannot yet be done: 
tho* the Jatitude may be obtained as — as can be de- 
ſired, yet the methods of finding the longitude are neither 
eaſy to be put in 05-786 nor ſafe to be depended on-. We 
are to ſpeak more y concerning the application of Trigo- 
nometry to this purpoſe ; but ſhall in this place explain a+. eo 
relates to obſervation. © | e 
All- obſervation of the celeſtial bodies is primarily intended. 
to diſcover their true place with regard to the circles ſuppoſed 
to be drawn in the heavens and chiefly thoſe which reſpect the 
horizon, that is, azimuth circles or parallels of altitude; and 
in order to avoid error, it is neceſſary to attend tq ſuch cir- 


" 
af - 


 cumftarices as tend to deceive us in this matter. One of the 


chief of theſe is the refraction or 2 out of their courſe 
2 the rays of light ſuffer in their paſſage from the celeſtial 
inaries to our eyes. The uninſtructed may qhtain an 
idea of this refraction from the following experiment. Place 
an ey baſon or other veſſel in the direct light of the fun, 
or 2 candle, ſo that one half or a confiderable of its a- 
vity may be illuminated, and the other half ſhaded by the in- 
tervening ſide of the veſſel. ' Obſerve the line which hounds 
the confines of light and ſhadow, and mark its place by lay» 
ing a piece of money on the bottom of the veſſel, or by any 
other means. Then without moving any part of the appara - 
tus, fill the veſſel gently with water. The)conſequence will 
be, that the ſhadow will ſeem to withdraw itſelf, a much 
8 part of the cavity of the veſſel will be iHlumimnated than 
fore. Here it is evident that the rays of the ſun or candle 
which paſſed in a ſtrait line by the edge of the veſſel when - 
empty, become refracted or, bent when they enter the denſe 
body:of the water, and fall more perpendicularly) on the bot- 
tom of the veſſel than before. And ſimilarly, the light of the 
heavenly bodies paſſing out of the void celeſtial ſpace” into the 
denſer air which environs the earth, falls more perpendicular» 


Iy han je would ocherwiſe have done. - Theſs bodies, there: 
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fors, are always beheld by us at a greater altitude than they 
really have. Table IX. contains the quantity to be ſubtract- 


ed from every obſerved altitude on account of refraction. 
IT be altitudes of objects at fea are obſerved by bringing 

them down to the edge of the ſea by Hadley's quadrant, as 
has already been ſhewn. But this angle is not only too great 


on account of refraction, but likewiſe on account of the dip, 


or depreſſion of the viſible horizon; the nature of which is ex- 
plained in Chap. I. of the preſent ſection. Table VIII. contains 


the quantity to be ſubttacted on account of the dip, according 
to the height of the eye of the obſerver. Obſervers at ſea gene- 
Tally chuſe to ſtand in the ſhip's waiſt when they take altitudes, 
becauſe the height of the eye above the water is not ſo much al- 
tered by the motion of the ſhip; but this is of no conſequence; 
for in rough weather the edge of the fea. beheld from a 
ſmall" elevation is made uneven by waves whoſe altitudes 
amount tp 2 or 3 minutes or more, which circumſtance pro- 
duces as great an uncertainty as the riſe and fall of the object 
ſeen from the poop when the ſhip pitches. Theſe are minute 
cauſes of error, but not to be difregarded by thoſe who wiſh 


to obtain habits of accuracy and exactneſs. 


* 


Alltitudes of the ſun being uſually, taken, by. bringing his | 
Jewer limb in apparent contact with the horizon, it is evident 
that the quantity of the ſun's ſemi- diameter muſt be added 


to give the altitude of his centre. Or if becauſe of clouds, or 
for other reaſons, the altitude of the upper limb be taken, 
the ſemidiameter muſt be ſubtracted to give the altitude of his 
center. For all aſtronomical calculations reſpecting the hea- 
venly bodies are fitted to their centres. The mean ſemidiame- 
ter of the ſun is 16 minutes, which may be taken as a con- 
ſtant quantity in common obſervations, becauſe the greateſt va- 
riation from this quantity ſcarcely exceeds one quarter of a 
EPI ̃ DRE DE NET Bon 36d 65 nogn eng 7 

In taking altitudes of the ſun, it is uſual to take the dip from 
the ſemi- diameter of the ſun, and neglect refraction. The re- 
mainder is a conſtant correction always to be added to the ap- 


85 parent w of the lower limb. This may dq very well for 


meridian Atitudes when conſiderable, but in low altitudes 
the refraction is too conſiderable and various to be either neg- 


lected or allowed for by gueſs, as is frequently done. 


The meridional altitude of the ſun at places when it riſes 
and ſets is found by attending a few minutes before | noon, 
and taking its altitude from time to time. When the ſun's 


- altitude remains for ſome time without any ſenſible increaſe, 


the obſerver muſt be attentive to mark the coincidence of the 
limb of the ſun with the horizon till it perceptibly dips below 
: & 0 . 3 the 


= ww ? 


— 


* 


1vY 0 1 es & wWvwy V 
* 


ww 


IF 0 +4 © Du” 


N 


: 9 * v ; : * A 8 N | % 1 
Of finding the Latrrops and Loxerrvps. 10% 


the edge of the ſea. The ſituation of the index muſt not then 
de altered before the quantity it marks mee off. . yur | 
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PROBLEM n Hu 46 


" d the Latitude of a Place from an * 1 ne- 
* 1 ridian Ako Th of a celeſtial 9y. 0. 


Rule. 17 the zenith diſtance and declination be of * * 
name, their difference, but, if not, their ſum is the latitude 
of the ſame name with the declination, except when the n 
clination is ſubtracted from the zenith diſtance, ; 


Demonſtration, The. parallels of latitude on the earth) are 
correſpondent with the parallels of declination” in the'hea- 
vens; and, therefore, the latitude of any place anſwers to the 


| declination of its zenith. The declination of the zenith of | 


place may be readily found, if its meridional diſtance from ar 
object whoſe declination is known be . | 

Fori if the object lie in the ſame direction both from goed! | 
nith and the equator, the equator itſelf. will paſs at .ſuch a 
diſtance from the zenith as is equal to the difference be- 
tween the zenith diſtance and declination of the obj ect. 
If the declination be greater than the zenith 1 the 
equator will lie on the oppoſite direction from the zenith, and 
conſequently the zenith will Iie on the ſame ſide of the equa- 
tor as the object; its declination or the latitude of the place 9 
being of the ſame name as the declination of the object, But 
if the declination of the object be leſs than its zenith diſtance, 
it is plain that the equator muſt "paſs between the object ang 
the zenith, and the latitude or difference between the zenith 
diſtance and declination will be of the Gate name to ans 
declination, 

But if the zenith diſtance and declination of the objeg hs 
of different names, it is evident that the object muſt be 
between the zenith and the equator. © The diſtance between 
the zenith and the equator, or the latitude, muſt, ore, be 


equal_ to the zenith diſtance of the object added to its dechi- 5 


nation. And becauſe the zenith lies on the ſame fide of the 
equator as the object, the data will ROPE be or the aa 
name as the declination. | 


Which was to be proved. 


This general rule eue th the latitude, by nig ihe 
greateſt meridian altitude ; and it ſeldom happens that the leaſt 
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meridian A is made uſe of, For it is to be noted, that 
| | any 
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- whoſe co-declination or diſtance from the 


any celeſtial 


elevated pole is leis than the altitude of the pole itſelf, can 


never ſet or paſs beneath the horiaon but may be ſoen on the 
meridian twice in 24 hours ; once ut its N and once at 


„ . AER 


PROBLEM n. 
a Phe from, 2 obſe er ved meridian Attitude 


Pole. 

wy "AY 9 . to the altitude, gives the 
Utitud- of the fame name with the declination. - 
en. The | co-declination,. or diſtance of. the 


Demonſtration 
8 65 ect from the pole added to the altitude of the object, gives 
| 36s altitude of Vie pole. Now the zenith diſtance. or co- 


altitude of | the pole is the complement of the latitude or 
diſtance between the zenith and equator, becauſe the pole is 
90% diftant from the equator ; the altitude of the pole muſt 


therefore, be equal to the altitude: and becauſe the zenith is on 


the ſame fide the equator as the os "ore — the lA 
name as 


declination. 


| Frogs fr Jud tbe „Lone l Obfroates. ; 
Example 1. at ſea, July. 29, 1779, the meridian 


limb was obſerved 'to . . N. 


the eye of the obſerver og 25 fees! above 


. The ſun's declination for "the *third year after kd thay 6n 
29, is found, in Table X. to be 18* 46” N. the dip for 
35: feet 9 is 5 minutes, the * for 34% is 1 


minute, 


* The a ES EMS eee year, conſiſt 
ing of of . 363 days 6 hours, and the current year being reckon- 

is evident that one whels day would be loft in four 
4 hours were conſtant 3 To avoid this in- 
5 enge, Which, if not CT wauld cauſe the ſeaſons 
to 15 t in 3 0 (as through all the months in the year, an 
additional day is added to the Roach of February, every fourth 
year; this fourth year is termed leap year, and is found by dividing 
the year rar row 1 2 3 leap year leaves no remainder; other 
ears are called the econd, or third years after leap pear, 
recordings the remainder is 1, 2, or 3. of 4 me 
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| -Alkitude of fun's lower Jimb 2040'N, 


| Add Semidiawour\ | ab. 11 1 0 
S EO 34 * n M25 Ie we 7 {| 
SubtraB tip = * bai. . 


Correct altitude 3420 
Zenith diftance acid ods $5 40 
| Subtract declination 18 46 N. 


| — —— 


0 


OY | Remains latitude 36 54 8. or of the contrary 


— name to the declin. 


/2. Older 26, 1780, fun's meridional altitude, 


| leet limb 62 09 8. required latitude. Height of the eye 


feet. | 
1780 is leap year, and the dunn dbclitiayionn in Odder A 
is 122 457 8. The dip for 30 feet elevation is 6 * 
refraction for 629 is 4 minute. Therefore 
Sun's apparent alt. I. I. 629 09/8. 
+ ſemidiam. — dip and refrac. £B4 


Correct alt. 62 18 2 


— 
Zenith diſ. 27 41 2 8. | 
Sun's declination 12 45 S. ; 
N 


| Diferenc'is la. x4 55 f N. or afar i 
* u enn, : 1 


Example 3. Jen 7 21776, altitude of e lower limb, 


| noon 879 10” S. height of the eye ane 2 


latitude, _ - \ 
Sun's apparent alt. I. I. 87 10 | 
+ ws em Ta 10 refriftion cheing in- 


. 


"Zenith diſtance 2 40 8. 
Sun's declinat. 19 13. Hy: Wei NN 


Som is latitude 21 33 NM. 22% ecuar 
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Tel Of finding che LATTTudr and Lonortobe. 
© _ Example 4. In the year 1778, July 30, the ſun's meridian 
| 1 limb was 840705 N. 4 Sr rpc latitude, 
The height of the eye being 30 feet: 
SBraun's apparent alt, I. I. 84% 167 . 

| — 4 ö — — N 
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N o . , l 835 = 
33 £24 Zenith diſt. ; 40 N. (ren * 
N 2 D 8 * . * "my 8 N : 
Sun eee 28 N. | 
F ; by W | = 2 8 f 
: * * ” f . 
Difference is lat. 13 48 N. { 
* 5 : 1 4 | 
0 . e 4 ark 1495 lip 2 6 NIN ee 
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uam 5. Being at ſea in the year +1777, cloſe weather 

prevented. = merid 25 obſervation of the Lag, but the night 
proving clear, the northernmoſt ſtar in the ſquare of the Great 
— was obſerved. to come to its leaſt altitude 30? 107. 
Kequired the latitude : the height of the eye being 20 feet. 
JJ «.pierudeapparent* 202 2027-5, _55-:- 
— Dip and refraftion 64 


Correct altitude 8 
* Star's Co- declination 27 03 N. 
OE EY 47123 +5 I as . 


Sum is Latitude 57 062 N. by prob. II. 
e e 000 3 of WI HANS 
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Example 6. June 11, 1770, the ſun's meridian altitude of 
the. upper limb below the pole was obſerved to be 29 087. 
The height, of the obſerver's eye being 16 feet.— Required 
the latitude. . 


= 2?” Sur'$ apparent altitude upper limb 29 08 / 


- — dip, zefraRion; and ſemidiam. 38 


3 c g Obriest alt. 8 90 
Braun's declin. 230 08” N. its comp. 66. 52 N. 


4 Baum is latitude 68 22 N. 
e [ 53 
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From theſe rules and examples it is plain that the latitude 
may be obtained without difficulty, and generally as often as 
nautical purpoſes require. The motion of the earth on its axis 

N RES 4 a RT 1 


„Tube places of the brighteſt fixed ſtars are to be found in the 
Tables requifite to be uſed with the nautical Ephemeris. q 


1er 


under conſide ration. 


the day. A 


3 


: | 5 i 
Of finding the Larrrobr and Lowerrups. tos 
prevents the longitude from being obſerved with the ſame fa- 
cility ; and on this account, moſt methods of finding the dif- 
ference of longitude, by celeſtial obſeryvation, are adapted to 
diſcover the difference of apparent dime between the two places 

34445 ans en F198 13% T e 


ite 

Time is a part of duration which is conceived to flow or be 
generated uniformly. It has no meaſure that we are acquainted 
with in nature. Motion is ſaid to be uniform when the ſpaces 
moved through are ever as the correſpondent portions or parts 
of time; and becauſe motion is more eaſy to be conceived than 
time, any motion which is ſuppoſed to be uniform is taken as 


the meaſure of time. The rotation of the earth on its axis is 
very probably uniform, and is therefore taken as the meaſure 


of equal parts of time; an intire rotatien meaſuring a. day, 


Arth part of à rotation meaſuring''an hour, &. Some re- 


markable cireumſtance is taken to mark the beginning of The 
day. The riſing or ſetting of the ſun was the earlieſt adopted 
for els purpuſe.”- but the obvious inequality of the days and 
nights, compared with each other, . it neceſſary to reckon 
the lapſe of time rather from the coming of the ſun to the me- 


ridian of the place of obſervation, which happens nearly after 


equal intervals of time, The civil reckoning of time is made 
from midnight to midnight, fo that noon, or the time of the 
ſun's coming to the meridian, is the middle point or inſtant of 

| Seger begin the day at noon, and are there- 
fore twelve hours later than the civil time; but navigators end 
the day at noon, and are therefore twelve hours earlier in their 
reckoning of the day than the civil time, and a whole day be- 
fore the aſtronomers. enen 
Since the beginning of the day is determined from a circum- 
ſtance which does not happen at the ſame inſtant of abſolute 
time to every part of the globe, it is evident, that the day of 
one place is not univerſally the ſame part of time as the day of 
another. For the rotation of the earth cauſes the ſun to come 
apparently to the meridian of a 
noon at that place; and ſucceſſively to every place in order to 
the ' weſtward, it becomes noon in ſucceffive inſtants of time. 


So that as the ſun paſſes over a whole circle of the earth in 24 - 


hours, by an apparent motion nearly uniform, the difference 
of time between the noon of one place and another, will always 
be the ſame proportional part of 24 hours, as the difference of 
their longitudes is of 360%. And the difference between any 
two like hours of the day, will be the ſame quantity. It is 
likewiſe obvious, that the Eaſternmoſt place will have the ſun 
earlier than the other. The effect which the obliquity and un- 
equal velocity of the Sun, in his apparent annual courſe, has 


upon the length of days, is 5 hete attended to. The quan- 


1 


iven place, and it is then 
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gitude could be diſcovered by ather means. 


No Fon de a Hoa. FOE ann | 
. The planet Jupiter is accompanied by four, moons, among 
which eclipſes almoſt daily happen. Theſe eclipſes afford an ex- 
cellent method for finding the longitude of places on ſhare, but 
as they require to be viewed with a teleſcope, which magnifies 
very conſiderably, the motion of the ſhip prevents their being 
99 —.— at ſea. This difficulty may, perhaps, be ſurmount 
by Kill and attention. For, in moderate weather, an obſerver 


93 
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VI Himſelr of more powerful teleſc > than is com- 
tony" uppoſce to be tranageable-on'ſhipbo It may de of 
conference to the obferver to know; that diſtinRhef, and 
grest gantity of light are almoſt of as much importanee to 
viſion by teleſcopes, às the 2 of the apparent diame- 

tet. A Alx tegef | Win a dmit* of a larger aperture, and re- 
nt objects note bright and well defied; when the mes 
057 — vr eonvexity of the eye gluſs is leſt than the 
the teleſcope will bear and this difference in 
Ueſetespes Hh mag grip equally, is much more” conſiderable 
than 5 uy faſp ſpe For example, a eommon refrac- 
ting tel 25 ae has its principal focus at the 
viſtanoe/ of one foot, cannot, in general; bear an aperture of 
more than half an inch, or magnify more than ten times; and 
am object-glafs of che ſame kind, of ſhe fret fou * * may 
be made to magn forty times, with equal advantage: But 
if the latter be 99045 to magnify only WY, times, it 55 admit 
of am apartufe of tho inches, and repreſent objects ſixteen times 
2 bri . atid mech more diſtin,” thin the former. Sucha 
IS, therefore, as. wansgeable on ſhipboard as on of a 

a ;” and; "by Teaſon'of Its ſuperiority in light and ac- 

„win diſcover, Jupiter's moans eveh with a ſmaller 
65 nlfyng power than is here menrtoned Hente it may be 

ed, that, if à metalline ſpeculum, of achromatio object. 
gla fs, * capable of the 2 pbheati of a large mugnifying power, 
Were made uſe of, with fürh a charge as might not render it 
uſeleſs at fea; 2s for friſt ine; 25 or zo times q the ſuperior de 
deer of fight and diſtinetnefs would compenſate for the want f 

rent nitude; and oecaſions would frequently offer f 


| eee f Tongitude.” The author bf this treatiſe intends 


to make the experiments necoſſary to aſcertain this; but want 
leifüre and opportunity induces him ro recommend. the rrial | 
others. 9152 10 id 
. Eclipſes ate no other wiſe uſeful than as thay may be eaſil) 
obſerved; and point out the place of tlie celeſtial body hn 
heavens, at the inſtant of obſervation; to Which place the core. 
ſpondent time adapted to the firſt rherididn has been previouſly 
calculated. Now, if the place of any- celeſtial body” rw] autos. 
for example, as in an almanac, for every dayy or to parts of days, 
to the time- of Jy. given mneridiths;; and ithat place can be 
found by obſervation at ſea; the difference between: the time of 
obſervation and the computed time anſwering to the 'pbſerved 
Frm of the ceſeſtial body, will be the of longitude 


n time, in the ſame —— as'if the time had been found by 
cans of an eclipſe. There is no beleſtial body, except the 

n, RY can be obferved at ſea; Whole diurnal change of -- 
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place is conſiderable” enough to mark ſmall, portions of, corre- 


A1 t ſea, of any in uſe. . 55 
The variation of the compaſs affords a method of determini 


"> 


ipondent time; and, therefore, the moon's place uy muſ be 
0 


attem pted to be; obtained by obſervation. This is done with 
conſiderable ſucceſs; by taking the angular diſtance between the 
moon and the ſun, or a ſtar, with Hadley's Quadrant. 4 0 

As it may naturally be ſuppoſed, that the obſerver who in- 
tends to make uſe of this method, will furniſh himſelf with 


the Nautica Ephemeris, and the Tables requiſite ta be uſed with 


the-Nautical Ephemeris, publiſhed by order of the Commiſſioners 
of Longitude, in the latter of which are compendiums with 
very plain inſtructions and examples for making the computa- 
tions required; it would be an unneceſſary redundancy in this 


book to repeat what is there laid down. We ſhall only, there- 


fore, in this place, recommend the method as. one of the moſt 
accurate and beſt adapted to the preſent methods of obſervation 


the longitude. For, in the Southern part of the Atlantic, an 


in a conſiderable part both of the Pacific and Indian oceans, 


the quantity of the variation changes very faſt in running upon 
a parallel. If, therefore, a ſhip be in a known latitude, and 
the variation of the compaſs be found dy obſervation, it will be 
eaſy to determine the longitude, provi | 

niſhed wich a chart or table of the Jongitudes correſponding 
with given quantities of latitude and variation. It is a valuable 


property of this method, that it gives the longitude the moſt 


accurately in thoſe parts of the world where ſhips giling from 
Europe are moſt particularly in need of it. The principal im- 
pediment to its uſe,/.is the want of a chart or. table, which, on 


account of the change which the variation ſuffers in time at. 


any given place, ought to be frequently renewed, from ſea 
journals, at the public's expence. A ſecond impediment is 


a want of care and attention in obſerving the ſun's magnetical 

and true azimuths : for the needle, of the card is not always 

- fixed 7 adv beneath the N. and S. line as it ought to be, 
d 


and navigators ſeldom take the pains to examine into it; and, 
in finding the true azimuth, they are, in general, very careleſs 
in-their allowance for refraQtion. F | 4. 


Tue laſt method of finding the longitude, at fea, is that 


T7 


"which is univerſally practiſed. It conſiſts of trigonometrical 
"calculations made with the courſe and; diſtance run by the ſhip 
in che ſpace of 24 hours. For every ſhip at ſea is kept as near 
her deſtined courſe as circumſtances admit, and her hourly ve- 

locity is meaſured by an inftrument called the Log: which con- 


ſiſts of a ſmall quadrant of wood, whole limb, or are, is loaded 
With lead, ſo as to float nearly upright; this is attached to a 


line 


ed, the obſerver be fur- 
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line called the Lig · line, which is divided into parts called Knots. 
The log being thrown overboard, is ſuppoſed to remain ſtati> 
onary-in the water, and a conſiderable part of the line next 
log is left undivided, that Shao way be cleat of the eddy part 
the ſhip's wake, before they begin to note the quantity of 
line run out. At the inſtant the beginning of the diviſion 
paſſes through the hand of the obſerver, he gives notice to an 
aſſiſtant who turns a half- minute glaſs ; and, at the inſtant the 
half- minute glaſs is out, the t ſays, Stop, upon which 
the obſerver graſps the line, and prevents any more from run- 
ing out. The number of knots and fathoms are entered, to- 
er with the courſe, winds, &c. in a „called the Lag⸗ 
The knots anſwer to miles; the meaſure of a diviſion 
of the line being the ſame proportional part of a geographical 
me 5 half a minute is 0 12 hour: that is, one hour, a 
120 half- minutes, is to 1 -minute, as one geographical. 
mile, or 6092 feet, is to 502 feet. But it is uſual to 4h the 
diviſions or knots each 8 fathoms, or 48 feet, the difference 
being ſuppoſed to anſwer for the coming up of the log towards 
the ſhip, inſtead of remaining ſtationary. . © = 


The computation founded on theſe data, is called the Dead» 


Rickoning, and is ſubject to many cauſes of error. The log 
can only ſhew the velocity at the end of the hour, and the ver ; 
locity may have chan ſeveral times between the times of J 
heaving the log: the diſtance run is not, therefore, very ac- 
curate, even if tides and currents be put out of the conſi | 

tion. The courſe, beſides, is not accurately made, and eſpe- 

cially when a ſhip is cloſe hauled, it is continual varying 

from the ſhifting of the wind, not to mention that the allow: 

ance of lee · way is, at beſt, a groſs and unſcientific way of 
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To rip THE VARIATION OP THE ComPass. | 
8 al of, (9's (STOP GS 
As it is of great importance to know the variation of the 
compaſs at ſea, not only to correct the courſes ſailed, but like - 


wiſe, in ſome caſes, to determine the longitude, as ſhewn in 


the laſt chapter, it will be proper to ſhew how to make the ob- 


ſervations required for this purpoſe, and thence to make the ne- 
Cellary' computations, But the demonſtrations are omitted, 
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becauſe 
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5 8 The bearing 6F day ae gehen may be foukd by ealcu-. 
ANatſon, ik its“ a "or t 
85 lr ebb be known. The bearing is called its Amplitude; 


citation, altitude, and the latitude of the place 


u Amplitude,” when the obſect ieſelf is in the horizon ; but 
ir de elevated above the horizon, the bearing is called its 
Beimuth, or rrut Azimuth, The word rrur is prefixed"to the 


"amplitude or azimuth thrus found, in order toViſtinguifh them 


from the amplitude or azimuth" taken by che compaſs, Which 
| ROO ER O93 000 PEEL VF TIS” 


ident that 1 netical bearing do not àgtee 
With che erue, the” compaly has Variation, and the differente 


Fm. Go them is its quantity. The variation is always reck: 


neck from the north; and — 1 — if the true beating 
of the bearing ſhewn by the 


 -. _ Eompals, the variation is eaſterly, but weſterly if the contrary 
atnabat to; nd; Yoo mma oy wh we nar | 


ſtrument is ſo fitted on an upright axis and ca 
be eaſily turned about into any horizontal poſition. Theſe 


* 


Denen 
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Ihe Azimuth Compaſz is fitted up for the purpoſe of taking 


bearings with more accuracy than can be done by the common 
Bitacle compaſſes. The compaſs- box, with this intention, is 


made heavier, and the jimbals on which it is ſlung, to prevent 
tte effects of the ſhip's motion, ate ſtronger and better made; 
Th card is divided | 
"there are croſs lines in the box to which the cardinal: points 
ure mide to agree during the time of d gg 3 On the 


on its circumference into degrees, and 


upper part of the box is a braſs circle, divid 2 8 
and parts correſponding with the poſition of the crofs Tines 


Within, and theſe parts are ſtill more divided by the dividing- 


plate of a moveable index which carries two upright fights, ot 


one ſight, and a thread drawn to the oppoſite part of the index; 


which ſerves. inſtead of another fight. N the whole in- 


ors, that it ma 


compaſſes are ſtill capable of great improvement. 
Ihe obſervation of an azimuth for finding the variation, is 
beſt made by three perſons. One obferver, muſt look, through 


the ſights, and, by moving the whole inſtrument on its axis, 


be careful to keep the thread conſtantly upon the ſun's diſk; 
ſo as to biſect it. The ſecond obſeryer attends to the poſition 
of the card, and, by moving the index, cauſes the firſt obſerver 


to move the box, ſo that the croſs lines in the box may coin; 
eide with the cardinal points. The third obſerver gonſtantlj 
attends to the ſun's altitude with Hadley's Quadrant,... Now 
rhen the ſecond. obſerver perceives that the. card FARES BEAR? 
ids we f a 


1 * . 
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Iy with. the croſs vn the index on the . AER a 
the magnetical azimuth, which is note | down, together with 
the altitude of the ſun at the fame ns from which the bad 
azimuth-is/to be computed. 
The ſgfond-obſerver may take the ranginetieal 83 wee 
_ when the ſun ſhines ſtrong enough to caſt the ſhadow of the 
thread upon the-oppoſite ſigbt; and an expert perſon may 
not only do this, but even take the altitude immediately after 
theadjuſtment of the nn But it is were ene ed to . 
ſerve as abovementioned, - irs * 
Thel amplitude is taken in the forme « manner as the ele 
It is cuſtomary, and with great reaſon; to take a conſidetable 
number of azimuths, for example; ſix or ſeven, and find the 
variation from each The mean of all theſs- will: e 
the truth _ any ſingle reſults !:! | 
The navigator ought to be aware, that . « quantity of | 
fraction differs very much in low altitudes, that it is Ay. 
 Tequently very abſurd" to make any conſtant allowance, as 
many obſervers do The refraction ought to be taken out of 
the table for every altitude. It is likewiſe! to be remarked, 
that the vulgar error of taking the ſun's amplitude at che time 
bis center is apparently in the horizon; is ſtill very prevalent, 
though long ſince exploded: by many writers, The true time 
to take the amplitude is when the ſun's lower limb is forte. 
what more than a ſemidiameter above the horizon, beeauſe his 
nter is then really in the horizon, as mg: be * . 
Fe _ dahin of refractions. 
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Given the Latitude of the Place, and the Biete 7 a Cele fiat 
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Solution. As co Gs l radius, >: fue Aenne : fine. 
3 amplitude reckoned from the caſt or welt, and of the (os 
name as the declination. 125 

But, as it is generally required to bes the bote FROM 
the north point of the horizon, this amplitude from the E. or 
W. muſt, if north, be taken from go®; or, if ſouth, be 


added to 90; and this difference or ſum will be the true am- 


L reckoned 20 the north. 
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Nas esd hen may [been ou ſolved Gunter's Seat, | 
and alf by Table XI. —_ = by 
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Given the Latitude of lle ; Pat og Rn Treg 7 due. 1 
BE wit 42 75 e, Boch. to fond. its Anne e * 5 


ns > 64S It. the latitude and i hs of. the ; "240 
nenne, the declination: taken from 900; but, if they be of 
different names, the declination added 0 gon wil be Lover 
diſtance. from the elevated pole. 

Find the ſum of the co-latitude, the co-altitude, and the 
polar diſtance... Halve this ſum. - 

Find che Ae between the polar diſtance: and the bal 


Then find the fas of the four ez logarichms. f 
The arith. com. of the log. fine of the co-latitude. 
The arith. com, of the log. fine of the co-altitude. 

| 3 ZI log.-ſine-of the above named half ſum. 

18 hs ſine of the above named difference. 

"Hato this ſum is the co · ſine of an arc, which doubled; i is the 
true azimuth. reckoned: from the north, if the latitude be 
north; but from the ſouth, if the latitude be ſouth. Con- 
ſequently in ſouth latitude, if it be required to have the azi- 
muth from the north point of the horizon, as in general is 
| hemten. the 1 8 of the W e "_- ond 
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Exam le 1. In latitude 280 107 N. the ſan! g e 
N. 0. 50% N. the ſun was obſerved to riſe by the compaſs 
4 3 E. * is r . kind ad variation of the 


71 1 N 


* . N 
" Eofme lat: = 4 19/fgomges Re] Amp. = 13 2 
Rr 13 | Troe Amp." = 68 | 


dine Decl. =18 da $1227 | a . þ 77 * 
— — * 
DESPITE =21039/ 9.56701 |, - becauſe the true  hewving is 


the left of the bear 
Orbis ao f:N-68 N-68 2'E. becauſe compaſs. n r : 


J Th {TER Boy, | 
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Example 2. In latitude 2332 17/458, the ſun's Ceeljnation 
being ta 100% N. and his 4 altitude 30 127 bis mag- 
- netical azimuth was N 549 13/. W. Required ths onion 
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, To find the wen- of he ce. us - 


To find the true azimuth, . ,.! gms 21 ly Lav 
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Wo. 6% 4 fry Ar co. 0 0. 3 
1 0 5 7 co. log 077 


: 5 Ax. co. — 173 0.00068 
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4 — 


. Sam = 245. 41 8 Y 24 a de gag. 
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Half Sum=122. $97 5+ Sine. — 992443 
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"Example 3. In lat. of 11/ N. the fun's « 
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4 06“ 8. 154 his obſerved altitude 69077, 
azimuth was N. 96 0g” W. and his magne 


2 57 8 Alis 4 


Four Re Tot N. 969 06/ W. e M variation 14 


azimuth and amplitude Fare md 
T0 your the true e ee 5 | oY 1 11 
: i 49” bs 2 Fry * 7 

e rod 3 223 2 75 
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47294 419083319 
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| da. 8= a2. from N, . 
May az. N. 2. We N ee 
Variation 2. "0.04 E. becauſe the true aximuchi is 

to the right hand of the mag. azimuth, 
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To find the true amplitude, hen we og FP 
reo Der tat. ieee r Soren „ 
| Lose Rad. * 10. 0K ee e 
— 2 T Sine dec. 4 * : DOT” 8.8849 ak 1 47ov 


$0 5400 
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5 Wag Wee a 00 oE, er the 22. is en che right 
6K e * / 42 ae EPO: gs ent 
being I 4 8. bis o le * e 757 20% 46/,1and his 

: 25 Euch N. 126% 90 1 rod — 17855 
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;compala? _ „ 5 
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know 


and. 
to ſuch a table, is one of the helps erin A navig gator ou 


not 
this 


of denoting the fituation 


zainfed wi 
100 7 go. An 3 the ſituations of Places on the earth is 


Tis abfolutely neceffary to Givetſesthat be Gidata: Wee 
j * i 7 4 AK thoſe places'to Which he in- 


n from their latitudes and i ety 4 ſufflclently correct 
9 9 table of latitudes and , > fm equiyalent 


to' be without... For. this reaſon Table XII. is an 
work. A table of 0 4 — is ſuſceptable of the'adva 


ACCuracy z but, at the ſame time, it muſt be confeſſed, that 
names and numbers convey à very imperfect nation of theſe-ſt- 
tuatlons to the imagination. This fat ſt pürpoſe i is more effec- 


AS. it would 9 to an eye a 
e 


may. be call true charts, Thich are either globes or del bes- 


tually anſwered by the ule of maps or charts, which, in 


are drawings or pictures 7 ket 755 Kae an an nr 


places to ay. required 'degree''sf 


* 


54 5 bnd 


to. 


tions according to he rules of perſpectibe, be; ther of thele - 
are made uſe of at thay. - becauſe of the few Arait! nes they con- 
ufed 


tain. The charts 


at fea, are either plane charts, or mer - 


.cator's charts. In the plan e chatt, the meridians and parat- 
of latitude, are ri BY li ine: right ka, tr to each 105 5 | 
e it as a 1 meridians- 


leis 


_ in ſma 
differ from Planes ; ;. ſuch, n as the ſpace run 2 


192 


lel to each oth 
its parallels of Jatifude equal. Tt is, therefore, ale 
al 1 ſpaces of the earth's ſurface which do not much 
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116 Conſtruction of the Px Au Crant, 
by a ſhip in a day, or the extent of a bay or harbour. This 


8 aaa. Wo 
, my 
\ 


* 


i 
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kind of chart may be made uſe of for ſeveral degrees of latitude 


on each fide of the equator, uſe the meridians are there 


almoſt parallel. The mercator's chart is ſimilar to the plain 


chart, excepting that the degrees of the meridian are not equal, 
but enlarged towards the poles ; by which contrivance it ac- 
:quites many valuable properties. Of this we are to ſpeak in 

L ut | | . N > l * 


e 


. & * . k . 
. i 9 * 
8 
3 __ Conſirudtion of the Plane Chart. 
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band, and the other near the left hand extremity of the paper. | 


Draw two right lines parallel to each other acroſs the paper, 


one at-the top, and the other at the bottom. At right angles 
to theſe, draw two other- parallel lines, one near the right 


ivide the two. firſt lines, each into a. like number of equal 
Di | „each into a. lik alt 


parts, within the points of interſection formed 


of the other two right lines. And divide the other two rigbt 


lines in like manner into parts, each equal to 


a + pure of the 
lines. Then the two firſt lines will repreſent the extreme pa - 


_ zallels of lati and the two latter the extreme meridians of 


the intended . 11 and the ſubdiviſions on each, will re- 


preſent degrees, miles, leagues, or any other meaſures which 
may beſt ſuit the purpoſe of the en. If one of the paral- 


lels be ſuppoſed to repreſent the equator, the diviſions of the 
meridians muſt be numbered from thence ; but if not, the di- 
Fikons. muſt: be; reckoned from the latitude of that parallel 
which is neareſt the equator. And fo, likewiſe, bg of the 


- - meridians be ſuppoſed to repreſent the firſt meridian, the di- 


viſions of the parallels maſt be reckoned from thence ; but if 
.not, the diviſions muſt be reckoned from the longitude of that 
meridian which is neareſt the firſt meridian, that is to ſay, as 
far as 180%, and thence back again. Through every tenth 
diviſion. of the meridians draw a Parallel acroſs the chart; and 


through every tenth diviſion of the parallels draw a meridian. 


5 ſome convenient part of, the chart, draw a mariner's 


__  ,compals, and continue the rhumb lines to the extremities of 
tte chart. In moſt charts, the top of the book Lo is 


nade north, the bottom conſequently is ſouth, the right hand 


* 


caſt, and the left hand weſt. 


Places are delineated or marked on the chart; bj drawing 2 


parallel through the latitude of the place, on each graduated 
- . ' meridian; and a meridian through the longitude of the place, 


bon each graduated parallel: the point. of interſection of the 


— 


parallel and meridian thus drawn, Will give the requited fitu- 


*. 


ation of the place. Coaſts are laid down by marking x ſuffi- 


| cient 
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by 
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PEPE PIP? points from the known latitudes and 
tudes of places on the coaſt, and the coaſt itſelf is drawn” 


the hand e h thoſe points. In all ſea charts, the line f 
e ſhaded off on the land fide, to dente the 


the coaſt is 
riſe of- the land d. the water. T his _ be done either 
with the pen or Indian' ink. 111. nenn 
22 ſituation of a place may — on the chart, if the 
bearing and diſtance of a given place in the chart be known. 
For, a line from the given place, parallel to that rhumb 


of the compaſs which — the bearing, and on this line, 


ſet off the diſtance in parts of the graduated parallel or me- 


ridian. 06 ns: DUTY AT rer rewe net ary 010g 


uired. * Ar 9. 
. The operator will — —— that. phony, may ba 
ated on che chart by the help of the parallels and meridians 
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other lines 04} 27! 03 395948 Yay 


Computation i is ſo much more accurate chan delfnention; dn. 


the hel 
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of tables are e man, e re r er 
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"has Sailing i is "the method of rt a mie 8. 


of determining things relating to the navigating a ſhip * | 


the iples of the plane chart. | 
he courſe is the acute angle formed between the line de- 

ſcribed, or propoſed to be deſcribed, by a hip under ways and 

the meridian from which ſhe is departing 81 

Diſtance, is the right line, or rather Foun, deſcribed on 

any ſingle courſe, 


ifference of latitude, is the diſtance harden tb! parallels 
of latitude, and is meaſured on the meridian. It is frequently 


called bur, or Southing. 
Departure, is the diſtance. on the plane chart between two 


meridians, "#4 is meaſured on a, parallel of latitude. It is 
frequently called Eafting, or Heſti 
ifference of longitude, is x ai. OP between two. me- 
ridians, and is meaſured on the equator... On the plain chart 
it is the ſame as departure. | 
It is abſolutely neceſſ „that the W mould be able 

to box rhe compaſs, as it is called, that is, to repeat the names 
of the points in order from memory, either backwards or for- 


"wards, and to tell readily the diſtance of any point of the com- 


paſs from the meridian, either in points or degrees and mi- 


nutes. For this purpoſe, the figure of the * (fig. 64. ) 
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/ . * 


already drawn, without having nee w n e of 
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is there drawn, with places n= tation 
| thoſe diſtances. heres reds 0. neither ee 
2, „ r e 5 (9103-81 09 54 
The following make 40 not require any explanations -- 

- ©4002 If the latitudes of two places be given, their 7 
latitude —_ be found, by aking the difference of the two lati- 
aides, if of the dame name, or their ſum, if of contrary 
i 7 10. int ie as bai 

| . Ian dm: latitudes be given, together wich! e dif- 
nes of latitude, the other latitude may be found, by tak · 

| the ſum of tlie given quantities, if of the ſume bait, or 

| their difference, if of contrary names; and the latitude ound, 

8 Will be of the ſame name with the greater given quantity, 

| . If che longitudes of two places be given, their difference 

} 


af Jongitude may be found, by taking the difference of the two 
2 of the fame name, 'or Scheit un, if of cohtraty 
names. But if this ſum exceeds 1800, its RE is:the 
difference of lungitütle re:: pi oe gac / 
l If one of t 8 together with, the dif- 
| ference of longitude, the other longitude may be found, by 

| 5 taking the ſum of the given quantities, if of the ſame name, 

| 3 or their difference, if o ;contrary=names ; and the longitude 

| found, will be x the ſame name with the e * 
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1 this i in latitude 37 10/ N. fails "NNE; 4% mige! 2 
ande to * nee of weilte! departure 


rn | * N. N nne ms ILL 4.44 21 
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51 Draw ah nlite line NS, to e. 1 ia iled 

from, the upper part N, A8 Gan rſtood to rom 

any 1 point A in raw the line Foy ing a 
le of the courſe 


$1 _=_ ** 8 


* Ar Bs polfits.. or 220, 30”, the ap 
: the line AB being drawn upwards, auſe the, courle 

is norther „and to 2 ht hand of NS, becauſe it is, like- 

*wile eafterly; make A 0 miles, or the diſtance ;, and let 

| fall the perpendicular BC, from B, upon the line N f 

Tbe line AC TW LN ee apd CB the 0 

W . s 5 #71 3 eren ov, 
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Kb - tat- ner depurture tom the Bill ef Portland, 3 
bearing NEZE 8 leagues ; it is required to find her difference 
of latitude and departure at wut time from thence. 
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Beckuſe "Os Fey bears NEE 8 leagues, it is 1 that 
the ſhip i is exactly in the ſame ſituation:as if ſhe had ſailed that 
diſtance from thence on the oppoſite ſide of the compaſs, name 
ly, SWbW. Tderefere, draw the: meridian line NS, ad, 
om the afumed point A, draw AB —— miles, the the diſtance 3 
1 9 BAC=5 12 157, the line ' 
B being rawn wnwards ** to * ft, becauſe 
gene eie the S quarter. Let fall the peependicalar 
upon | 
+ The * AC will be the eee of latitude, and BC the 
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A ſhip in latitude 230 0% S. fails ENE till ws A 
the latitude of 22 107 8 Her diſtance " and de- 
Parture, are - +. ad Þ 
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| 1 come to, tn to the weſtard the per 
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| n 67 and 12 1073 FEE” 
i the difference of Raad which is. northing, becau 
- courſe is 3 2 2 Ly merid 1 
from an art in it A ſet 2 miles to the north 
Adraw A inthe quarter unlimited towards B, 2 the 
angle BAC=6 paints, or 67? 30/,=to the given courſe, And 
from C ere& the pe rpendicular CB, interſecting AB in B. 


"The line AB will beth diftnce and CB the departure. 
, 1 wr en en ee e Ane 


eee e Computation. SLY; 01.3977 5 int 
Coki. on 9. 58284 | Radius - * che 4 10. bY 


:Dif. lat. AC57 10.788987 :Diſtance AB= =149 2.173 


5: Radius - | 72 * ::8in.Co. . 670307 2 
r 


a e 5 5 ne CB=137. 6 "2.13864 
. l Iv... Fig 68. . — 
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port which lies in 36“ 52” N. latitude, and 70 miles to the 
| 1 the firſt, "The ſhip's courſe and diſtance are fe- 
57 * 
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The difference between 400 10 and 38% 52/, that j is, 10 
miles is the difference of latitude, . which is ſouthing, becauſe 
the ſhip fails from a northerly to one more ſoutherly. 
2 very the this, 8, and from any point in it 

1 C /s miles to the fouth. From C, the latitude 


1 icular CB, which 
will repreſent the parallel of latitude, and on it ſet off CB 
79 miles, the departure. Join AB. 

The angle A is che oy and the line A is the di- 
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ExAMPLS V. Fig. 69. 


A — Þ in latitude-30* 054 N. fails 5 EY R. till her 
n 40 miles. What iy any" 85 ban now what Tes 
Ak the ran ? | . 
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„De the meridia Ns, aid . any paint A in the ſame, 
22 the r of 4425 Ab to Is eaſtward = 46 miles, 
r the ea 
nmted tow: nn; 75 B; a bo: ng the angle BAC= WP T3 he 
the co Fro d draw'd paratiel 7 to AC, ant imterſeQing 
— 5 in 4 Draw likewiſe BC el to bA, and interſecting 
AC in 


., The line AB When eee eue 


4 . 174 


ene bias TIF 
iK Df? arr ', iis 7 b m 
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De Gab, |. 66275 | CB=46 1, 55 
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bu In = 35% 1 ir ur 15765 


Now the difference of latitude is ſouthi ARE bf . 


Aferent nume from the Af latitude. "Their difference, or 
ke 3 the preſent latitude, which is 8 
cauſe the greater,gf the two e MS. 


EXAMPLE VI. Fig. 70. 


A ip ſails on a ſoutherly courſe 118 miles, and makes 83 
miles „ ** courſe ond ATR latitude are te- 
* „8 [5 4 A 0-H} 


05 4 U $4 N 
- TO 4+» 
Pong rut" 


Draw the meridian NS, and from colnet in it A, tw 

the parallel of latitude Ab, to the _— 

Li, N draw bB parallel to AC, and unlimited 8 B. 
the extent bo, or the Magee, from A defctibe an arc 


—_ = Lube Join AB and draw BC pa , ae 


meritran in C. 


4 * will de the __ * 8 


w AB in the 8E. L 958 


kia. 3 bs ps e e e 5 


ard, = 83 "miles. | 


| 4 — who had obſerved a privateer of 
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Es cuban. het 
DAS t |! gas Radius 1 


| _ *Radins = =» <6, Diſlance AB = 118 4.07188 


: Depart, CB =83 | 1-91908 Coline Courts 459187 9.85155 


8 Co. 4 AU 9.30% Did. lat. $, + 128 1.92325 


1 7x) 11 4¹ Fg ER 1 VII. £ Fig: 516 00 00 a 
40 from latitude i 04/ 8, fails hetween the N. and W. 


5 165 miles, and then finds 125 latitude by Were to be 32 
alt. 1 n e e = 


yt 19 ; by II's 12 144 ht © ks 8} © dls W 7 4 wh 2 —- * 2 24 wy * 8 4 .$ 17 1 * 
5 ö  Conflruttion. | ö 
8 Ar * Fa. . 


i Digi W m NS, and upon iefie of Aci“ a 
116 miles, the difference of latitude. From C, the latitude 
come to, draw the parallel of latitude CB unlimited to the weſt- 
ward. From A, the latitude failed from, with the extent 


AB=162. the diſtance, deſcribe an Arc: Fintercting the parallel 
in B and join AB. 8 
: "Tho angle BAC will be Gs court and CB the ache 


815 * TE 112 $ 51 W PINTS | wb 2 55 Air « 
Dagger AR =-162 + 2520951] Radins - 1 
: 19 | : Diſtance 47 Mg 2520951 


2 Radius 
21 iff. lat. AC= 116 bee 1: Sine Courſe 44915" 9.34372 


:Coline Courſe 4 7 95506 1 car 113 405323 


Examers By - 302 


bY, Thar. are two iſlands A and B, and the iſtand' 5 beats 
WNW. K "Now a 105 after running zo miles due weſt 
from A, obſerved the iſland B to bear north. What is 725 
diſtance of the two iſlands ?- © + | 
* 2 5 _—_ of 11 leagues nearly. 
| . ; 1 ebnet 15 
| SF ExANeLE „ 


wes Tings ; this Gs, upon a . ſouth Lourſe, * miles * 
2 port in latitude 18 10/ N, at which time © of Bhs with. a 
27. 


55 
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eruising in the ſame latitude, viz. 189 10% ">: 
rs courſe from thence was ESE. 
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Süchte ſuppolng der nette have changed her lation? 
* 162 miles. . 8 | WW. 31 27 = 8 3 


| FRA I x. 5 = 
A Gig Gilling from the-Meiitos dte Helens ran-dusworth 


| fill the arrived at the- parallel of latitide of the ifland Aſcen- 


ſion, after which, ſteering due weſt 470 miles, ſhe arrived at 

the latter iſland "What is the airect courſe and diſtance from 

* Helena to Aſcenſion? * an 
Aar, N. * 13 W. diſtante 674 mites. 
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A thip in fi bt of Cape St, Vincent's 83 W3S: fake 
gleagues, finds her latitude by ob ien PPD * 12 90 * 
atitude of the Cape is required 25 
Auſiuer, 365 . 


ESA XII. | 
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« 4 As 


A ſhip i in Invade, *-10/ N. and 1 100 ww w. | 


is bound to a port. n amen 


to Cape Clear? 228 17 
e tid: N. 12⸗ 33 E. distance 118 ile. F Ion 
E a us, . 1 _ 10 15 - 
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OBLIQUE: PLANE SAILING. 
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Tuouon almoſt every thing which. dec in the practice of | 


navigations may be ſolved, by the uſe and application of right- 
angled triangles, yet there are many inſtances, eſpecially in 
coaſting of ſurveying, of barbours, which,are much more rea- 
dily and elegantly ſolved by the help of oblique-angled tri- 
angles, and ſome which can be ſolved no other way. This 
method of ſolution is uſually we 9 25 . 11 
e ee of ee 5 


ExanPLE . 5 3. en 


filing on a NW. courſe, at * rate of 5 knots. an 
es à head-land ip „and ** hours after- 


A on an eaſt cours e 


w- 8 rA ESA. 


r eee What wave di 
Gene of (wee rw Mel 0 


p . 1 : 4 e 
* > 8 by 
A? >: Crain 


Mich abe rade ot chord of 605 dale che circle NESW, | 
5 aw ' 


_ repteſenting the horizon; through the center of 
the meridian NS, and the parallel of latitude WE. From A, 
draw AD mijcs' on a NW oourſe ; becauſe 3 knots or 
miles per hour, for four hours, make that d Draw 

raw-AD, 
likewiſe, on a S. 789 E. courſe, by ſetting off from $ the arc 
'SD = 180. A parallel 4% AD, through B, draw BC, 
which 4 il) . the ſame angles with NS ue the ſame 


ſect. 2. book 1.) and conſequently will” be 


. ſame A as AD. Prolong BC till it meets AC in C. 
1 ſide * of the Oe ABC. is er wa) nog 


Jo the tran le ABC, 6s: an als BAC=2BAN+ ZNAE= 
8 And the angle ACB, is equal to the differ- 
ce rings or poſitions of the lines and CB from 


the He's C; that is between well and N. 8 W. Sons en 
=I2% Therefofe, t 7 N 4 
| Sine C =" 120 ar. 65 0 68413 


Rok mY i 
| 5 ; ADS . "13 dc % 


| N 8 8. 
4 ExAMUTr TE H. Fig. 7 


A a N 19 2 courſe at the rate of ix 3 at 
eleven A int of Bay, on the iſland of 


St, Jago, bore N. _ e weſternmoft point, or Point Tu- 
9 bore NW. + bh doth pets br ene + bore 8. B4® 

„ e to ee N wide aa bara: of the 

— 7 © Con- 

999 OTIS ITT | Role ad Shri 


a3 5 „ . kgnibes Ante Meridien, NEVE . M fignifies 
77% eridiem, or afternagn. Seainen Fu them by en þ the 
letters as they ſtand: . - © a 0 £ of 
+ When two objects, as exam flots“ marks dints 
fand, dave (ren ow the ſame thumb = le, pilots chat che 


is Unminedidtely ͤ—Uü—ü— e Beano ee. 


„ 


1 


WO ww " 11 


„„ re ee e e _TYYwwr 


one! PLANE SAILING, 1 


8 | as | : * | 
*©7: £ 7 73 22 1 te dts oy tiki} 
8 
er n of chu⸗ 


5 the laſt 17 From A draw Ay Nbg 
miles. Draw likewiſe ru, Nn * b, AC 
NW. unlimited towards C, 8. 84 W. Parallel 


- The-lize 0 is e width of the bays, or diſtance of its 8 
dene points, 0 N wag, 


W 1 


2 the Sn bs, anc the angle Ach; is 5 to the differ- 
r 

N {gg between SE. and N. 84 E,=5t*, And 

the angle ABC is equal to the difference of the bearings or 

itions — the lines BA and BC from the point B; that is, 


8. (RS and B. SW. W 7 52/4» 
. LZACB= 5 ar. c . ; 12 . 


: dide 'AB = 6 e. 18 
;>Sime£ ABCSIp . 0 9.756 


:Side- AQ. = 4 0 

And in the triangle AbC, 8. ne for; to the 
difference of the bearings or paſitions of the lines bR and bC 
from che point b; that is, between 8. and 5. 84 W. 284. And 


the angle nac is 3s equal to_the augle of the bearing df 
or 


from A; chat is, N W 
Sine £ AC = $84 ar, ol. 0.002 
5 355 AG 264-3: 0.69 
: Sine ZbAC = 459 9.849048 


: ide. C = 3%8ꝗ.! A we 
| ExawpLE III. Fig 7* 


e filing e eee 
Aer de he jul patſed near a dangerous 
ne 


EE, diſtant 10 leagues, It is re- 


= . the reef of ock. from 
8 1 1 


Conftrufion. 5 
Deſeribe the ae with its meridian _ parallel as . 


Make AB=52 miles on a NNW courſe, Draw — NEZE, 


and 


7 through B, draw d aeg Ab and A0 in d 
60 7170 | \ 5 80 


or politions of the lines CA and CB from 


her .courſe ſor 8 hours, ſhe then 


— 


— 


EY $48 PLANE SAILING; 


and throu B draw BC parallel Upon BC. from B 
ſet off jo mile towards the . of the — AB a3 AD is 


drawn Join AC, which continue ſouthward towards (G. 
The angle SAG. is the benring, and the line SA hn . 
gates al the ref of rocks from the Jimd. ee 


7 3 nne 
* A _— 4 Via een 
n vs & 1 g 0 
1 
— 24 


* 2 F x * 4 
. 9 * 2 Wi. * 5 2 * Computation. Gion. * * TR") . . ha 7 dnt 25 4 
a 


- 3 ABC, 3 are . 
7 f. at B is the difference of the bearings of the lines BA and 


from B; that. is, between NEZE aan points of 


the co mpaſs, or 1019 15/ Therefdte, - 
The lum of the Kd ABL Be 82 ar. 60. 8. 08619 
Their difference =- AB—BC=22 + 1.34242 
Tang. + ſum Es not ineluded =39 223” 9.91416 
——— 


eee bee ame, = 125“ 9. 77 
2 e e bc = * 51 e e 


by theo. 1 And 4BCA' is the greater Z., becauſe i 1. 8 — 
ſite AB the reater ſide, by theo. 2 ſect. 2. "bool 1. d the 
leſſer 4 BAC will be=260 573” "4 
„ Sine ZBCA = 519 471 ar. 6 
w; Side AB =." "76 * 4 
% Sine ABC Sg 18, 12 1 2 **＋ꝰ 
Os 5 Aide 40 digi: 46 175 eee 


ow de en af: 0 om A is 3 22 
NAC, and the angle NAC SZ BAC—4BAN 

22 30% 4 274 to the eaſtward of north, or N. 4 Fo 
And the bearing of A from C, is on the oppoſite rhumb. That 
is to ſay, the reef of rocks (bears from Varig ed 274 W. 
8 | oF x 


. Iv. Fg MS 


There] is a certain harbour whoſe extreme points bear ESE. 
and WNW. of each other, diſtant 4 miles, and in the offing 
to the ſouthward lies a ſmall ifland on which a; light houſe: is 
erected. Now, the boatmen who ate employed to convey pro- 

viſſons and neceſſaries to the ifland, reckon it to be 5 miles 


Aiſtant from the weſternmoſt point of the harbour, and 7 miles 


| from the eaſternmoſt point. What are the - bearings of the 


iſland from each point, oppoſing theſe e 2 de 


accurate! ? 
e r W e413 Kn e or. 
4 1 "on 0. "* | 3 F ö ? * 


++ > ob 


nn tis... St 4 


» Y 


Po 


—_— DEMAOEARACCAM 


| own wa PLANE SAILIN . ay 


e op e TROY N 4 75 AA bn 
Fwy ais Bans, +74 wT 98 62 197 lit eat 1 ant " 1124 
After deſcribing the awd with iy meridian and: parallel, 
raw AB=4 miles WNW and the extremities -of AB wl re- 
preſent the two poi ney. * From the eaſternmoſt point A, with 
the extent 7 miles crib# an are, and from the gr 
point B, with the extent 5 miles deſcribe another arc Sug 
the former in S, which will repreſent the place of che Wks 1 
Through A, draw AD parattel” to BC, and on the ſame fi 


-4 on. 


ef AB, * $4 z as i 4, 441 kf i. » was : +1315 Qy '#, 111 


The angle SAC 1s the bearing of the dene from ths eaſtertr- 
moſt point A, and the angle SAD is the bearing of the iſland 
from he wrefteramot Wen B. | | 
*s IAI 7 Bag) $1 45 9017 2 * 1 
* 2 Kan! Chek. F1 Web: v/ 14 phys 
In the bade AB * fides only ate given; - s 85 

baſe. AC=7 A. co. 1 Tn the ht-an triang ( 
18. of a re 3.957 Side 8 br rol o 9 7 
=:DiflegsBC—AB=1 0.00006 |: Radius Fs a bra 
e 72 Side. © 0 2 "7, 4 1þ e 
:DifSeg. CG-AG= I, 290. 10988} aa a 
2 Baſe = 3-5 =o Sine .CBG * 9.91803 
11 dick. ſegm. 2 64 aner TY — ͥͤ — — — 


Ie * A ,06= G 
Greater fegm. © TG" FE r e 


The an le C, in che triangle ABC, being thus found "the | 


other. angles are obtai * the ſecond e 
That i is to fay, © 25 2 


LES wo z Side AB — 1 Ar. co. N te 
Cp 3.1 ; Sine 4.©, =.34% ob“ 3 R 
98 842 5 = Sf; I. "3 0.69897, .- Cri 4) ASH : 70 

1 = 445 * 49-8439 4% bie: 


x ole 1809 
Take 78. 35 SZC+ dere aer 29... 


28-0 Fon 101. 5=ZABC 117 4 io «3 . 1762 5 4- 4 
rom 


From a ſi e $ thi 
de bend. OT ou bn of ee che hedriny 


< 


For, the ZSAC, or the bearing of C from A; n= LSAP S 


CAB, and th AB= go; E 0 
112- 8 Nd the” £ Z 3 { bre 5 
46/2 _ 01 — * 120 711 
15 f e ine K lies in an ESE, alteon Hot 
ah Nag BO 6.3049 35! $9 hs lf had of BA, Th th 


_ ws Ow +I PLANE SALLING. 
from ESE. or 8. 67 30 Ke there be reckoned 1010 25% to the 
left hand, the rr Lc 33 35. to the weſtward of ſouth, will 
8 the being rem Bu Tbat ig rr 
417 W. from A, and 8. 97" 59" E 


NA. 1 TE * : 911 257; +» 


722 — BREAKEAR, v. Fig. 16 
BT The wind HET ee qring 


Nins, 


| IE. 18 lea and can make h 
An 6 points o A ar wind. How _ "uſt the the fun e 
tack to reach the harbour? Þ PG. pad AT git SHY 


:, þ , 
5 1 


Sar! 9113 Ws ted 5: cn dion. 


Conftiud t the horizon with its e por lel of la- 
_ titude, Draw AD, NE: and on each fide of D in the 5 


of the circle ſet off * DE, N h equal tp 
e 
5 wy x 


2 draw the lines H raw 
arallel to [either XA or) G GA, through C, 


| her the other line KA in B. arne 
-..-The line AB will be the kene on the aba. "and BC 
mne bend ac. en 0. 
Fiese $397 5 902 3 5 2141 
py — ng © Computation, 4 IN | 0 ) 15 1 4 0 


2 Joo triang 5 Ace! is given, 


I le CAB=4CAD+ 2 | 

= The angle CBA 2 cement CHR pple- 
nw AE 4 An the angle e 

T «1p I co. sine ZB '= 

Sine LB = ar. 0.1 2 Sine 2 o. 15051 
: Side AC = 1 8 1 : Side AC 8 ＋* 1555 

Ly Sine 4 C 280 074” 9.67338 [:: Sine LAS 1960 $22 ” 9.98088 

— — 


eee 


; :8ide AB = 13 . 1.07917 4 Side - BS = 24. 4 1.38667 
wy | EXANtLE Vi. . 


In hs Straits of Sunda, at two P. M. 22 at the 
pate of 5 knots, 1 paſſed-cloſe by che SE. of | ;0ands 
of Hog in ge _ not _—_ ne ged out "oY came 
4 ha e e ak PA F dow 

= REL TIAL and che wind is on the right de of the ip; 
| 21 in like circumſtances, with the wind on ber 15 fide, the 1 
4 66 be on ch the larboard rack. The reaſon of . «bes 

moſtlnbeured 


W 


ds AC ind the angle 
ARTS 39 r +672.30/ 


1 


a 50 dana. e 


| in four 18 and the e 


Ontx1 con PLANE SAILING, 129 
to anchor on the Java hore... Upon ſetting the ſaid iſland from 
this anchoring place, I find it bears due north, its diſtanee by 
the chart being 22 miles. It follows io hence, that our 
courſe has been affected by a current. e mr 
_ ol __ met * IPL to de f und 


** | 1 8 
4 : > © 1 : : * 1641 1 


* 


= Conſtruct 3 its meridian and KITS . tom 
A draw AB=20'miles-SEþS, which. will. repreſent; the ſhip's - 


track through the water, and would have. been her-real. courſe 


and diſtance, if the water had remained without any a efhive - 
motion. Draw AC=22 'miles ſouth, and C will repreſent the 
ſhip's real place; join BC. It follows, therefore, Edt while 
the ſhip has been deeribeng the line AB, with reſpect to the 
water, the water itſelf has re. through a ſpace equal to the 


diſtance BC, in the direction of that line. Draw A ) parallel 


to BC, and on the fame fide of AB as C i is drawn, 
The line BC will be the f paſſed through by the current 
Exp will 123 its direction or courſe. = 


| 9 e ie 
In the wid ABC is given the ſides 257 AC, and chein- 
cluded angle A=3 8 Therefore, 
Sum of ſides AB + A 7 8 n. co. | 8. 376% 
Di of ſides AC — F ee 


eee =77 07%” -'10.51800 


Tan. & their difference = 8 55 j f 9 19578 10 
5 FS ' b 
+ Sum 42 differ. =" $2 024 = _ greats 22 4B, 


becauſe 1 the greater fide. | 
Sine 2 B = 820 024! ar. co. SORRY 60 
: Side AC = with 6 1.34242 . 
- 2: Sine word = 3 aw” 9.74 
: Sicke F 7 090136 


Tue bearing of the line BC may be gathered from its poſi- 
tion with reſpet to BA, which lies N. . from B, 


and BC is 82 o/ to the left hand of 3345, 3 is, BC is 


115 4% / from the north, or * 124 / from the ſouth. Now, 
the diſtance BC=12 miles, paſſed by the current in 4 hours, 


mow 35 miles to any Hour: r b tar the current 9 


„ o Wb PLANE SALLING. 
from ESE. or 8. 672 30/, Ke. there he reckoned 1019 457 to the 


the bearing en * gen ay + [the iſland bear 


4 n H a9, Cy ee iT . 10 N ＋ 1a˙ 


8 . 1 NE, . 

24 lnogues * Rged and can make her courle good y 

- In 6 points © he wind. How mych muſt ſhe run on either 
tack do reach the harbour? | LAY SPL} £2 b4 be GA 


5 $8 a {+ ith 1 . 38 8114 07 . 4 ” 


Conſtru ar the horizon with its ee and parallel of A; 
titude, Draw AD, NE. and on each fide of D in the circum- 


ad a re the = Het 12 "Daw 2 e 


| l 2 5 5 785 57 
| ing t er line in g N 
Y "abs on is larboatd, and BC 
on the atboard tack “. 08.1}. D. gael 


The line AB wil}; be the di 
the diſtance 


os 13 be 6 


£98 10. 0 272 | PEO 
err 2 2 „„«%)wṽ . © Computation + — — 14 * mib 9 we 


: 


2 * triangle A is given. 7 2 AC ing * angle 


a 


le CAB CAD-+ 21 wits 
| — gl 3680 The 0 p! 2870 9 2 If 
755 22 2 2458. e angle —_— 2 972 
Sine 4. = o ar. e o. goss ine £ a 1 
1 Side AC = Tb? 15052 * : Side AC E] * « {tk 
: Sine . C r- 9.87330 : : dine ZA % 32279 93836 
3 


| 1 4 . 16 1.0747 1 BC- ws * 4 1.38667 
v2 kranths VI. vi · . k 


WO the 3 2 Sunda, 2 we. 555 4 fl 
1 Tin Point. "NE ſux, na having e 


L 
gh 


843882 te be en ber . 
rags F hr fide 
25 like circumſtances, with the wind on ber left 
on the larboard tack. The reaſon of tis wilt be better 
a (EN 


und Cee by inſpection wn Wipe, ruby the 


beſt hand, the rf AER 15 55“ to the weſtward of ſouth, will 


00 4 6d w' 


n 


| * e e 


and BC is 825 o/ to the left hand of 


* 3 miles to ons hour: {org cect the Current ſets 


Ou#41 40s PLANE SAILING, 129 
to anchor on the Java ſ gre. Upon ſetting the ſaid * from 
this anchoring place, I find it bears due north, its diſtanee by 
the chart being 22 miles. It follows, * bence, that our 
courſe has been affected by a current. ae ity; wh * 
en 97 the Nora is — to be found 184. 50 


n x 
os 
4 5138 1115 S 


ROT £2164 Mind duni. N 1 17: 1 


Conſtruct „ e its meridian and 1 "his | 
A draw AB=20'miles SES, which will repreſent; the ſhip's - 


-track-through the water, and would have been her real courſe 


and diſtance, if the water had remained without any e a 
motion. Draw AC=22 'miles ſouth, and C will repreſent the 

ſhip's real place; join BC. It follows, therefore, that while 
the ſhip has been eſcribing the line AB, with reſpect to the 
water, the water itſelf has moved through a ſpace equal to the 


diſtance BC. in the direction of that line. Draw A parallel 
to BC, and on the fame fide of AB as BC is drawn. 


The line BC will be the Tee. p paſſed through. by the current 
D will be its W or courſe. | 


4 Y = 48 * 
| Computation | 


-In the ing ABC is given the ſides AB, 12 and chein- 


cluded angle A=33* . Therefore, 
Sum of Te \ & + AC * "abs. co. 8.376% 
Ditz of ſides AC — AB = r 


8 Tan. z fun £500t included= 790017 | 8 


: Tan. © their difference = 4 58 FE 1 9.19578 g 


t Sum diffe-. 84 024 = greater 2. 4B, 
becauſe oppoſite the greater ſide. | 
- Sine 2 B = 320 024/ ar. 00. 0.00% : 
; {Side A =: 22 , 1.34444 
| S2 = 2 4 944% N 
Side BC '= + NG Sk 


Tue bearing of the line BC may be gathered from its poſi- 
tion with reſpe ct to BA, which lies N. 3P 45 5 W. from B, 

A; that is, BC is 

115 47f / from the north, or 649 124 from the ſouth. Now, 
the ance BC=12. miles, paſſed by the current in 4 hours, 


. 


1 


3 bern SAILING: 


= 64 124% W. or neatly WSW4S. at the rate of three miles 
an hour. 

From the conſideration of this ple 5 it is "FOR that's 
"hip under way in a current, will, at the end of any given 
time, be found in che fame place as ſhe would Have arrived at 
in ſtill water, after deſcribing like courſes and diſtances, toge- 
ther with another courſe and diſtance anſwering to the direction 
and velocity of the current. For the ſhip, under the action of 
the current; urrives at the Tame Naur. 12 as ſhe would Rave 
come to in Ain water by failing t rough AB and BC; and it 
is evidently of no importance, in this caſe, provided the time 
continues unaltered, whether AB be made Lond on wage 
g Courſe, Won # number of v9" wore COTE ut 


| En eres ne vn. e 


bows don is bound from the ain land of Africa is RY 
bearing WIN. diſtant 22 leagues, @ current ſetting 

2% miles per Hour. What is the courſe to 1 at Ike iſland 
in the ſhorteſt time, ſuppoſing the floop to fail at the rate of 6 
; * an hour; and, Le what time will ſhe take 1 


BEAN pe din. 8 
Sen Rn. Confirs LES 40 9? 44 
Nee P FE 44 v #% "os 1 Gy 17 


Contra * horizon With ith meridian het 0 of 1. 
N FE — AC = 22 leagues 66 miles WIN. and draw 

5 W. Upon AG "the off KK = 25 miles, ot any mul- 
| AN of 5 miles; and from K, with KD = 60 miles, or a like 

multiple of 6 miles, deſcribe an arc cutting AC, prolonged if 
_  neceſlary, in D. Join KD. From C Ae CB pardlle! to 
; As and from A draw AB parallel to KD and meeting CB 


1 * 
a9 0 


"The angle SAB is the cite, and AB the diftance to be 


run correſponding with the time. But if che velocity of the 

veſſel be not greater than that of the current, that is, if KD be 

not greater than KA, the ate will not interſect AC, and it will 

be N at her to > reach the land. | 5 
in 


I hay N * 
1 , — "A 
* 
88 


| The oo will hies in [the ſhorteſt diner the mand, 4 
ailing ina right line, (def. 5. ſect. 2. B. G.) And b the remark 
on example 6, her ſituation, at the end of the time, will be 
rhe ſame as if ſhe had deſcribed her apparent courſe and diſ- 


tance in Rill Water, together with another Fours and diſtance 
| | ee 


. 
* 
12 


— 2 * Aa 7, 
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correſponding with the motion of the current. Now, it is 


evident, that the apparent diſtance, or diſtance by log, AB 
muſt be to the drift of the cutrent BC, as the velocity of 
veſſel is to the velocity of the current, that is, as 6 to 23. In 
the triangle DKA, the fides DK, KA, are Js rity "ie like 
multiples of 6 and 24, and are, therefore, 7 theo. 5. ſet; x 

that ratio. And the triangles DK A, ABC, are ſimilar, ba 


cauſe the alternate angles KDA, CAB, are equal, and the al- 


ternate angles BCA, KAD, are eq ual, (prob. 6 —_ 
cor. 1. ſect. 2. B. 1.) Therefore KD AK: 26524 2 AB: 
Conſequently AB is the line wh if deſcribed ap 3 4 
the veſſel, would bring her to C, by reaſon of. * drift 
Now, to find the dire — wot of this line A, 
In the triangle AKD i N 0 ven AK and KD, together f 


the EASENACS: 4 982 =" 45 — 229 30' = of = 
2 | | 
Side DBE, = 66 ar. co. 8. A0 
A dine A = 550 we" 137 99 
OY * 7:80 AK = 25 1 2 


OL Se AKDA — MT vere 
In the ſimilar tri — Nea, CBA, di 3 Ach 
=569.13's and the AKDA=4.CAB=182 21”. Therefore, in 
r ABC i is wor the fide AC=66 miles and two an- 
3 the 4B is Hen. rune, 2 2 
0 Whence, | 
Sine r. 1 059 24 ar, co. o. 01588 
oY 42197 ee AC: '= 4.970% 
$93 207 Sine . = 857% | AT — 


12 Side AB = 56.9 _ 
| angle NAB is equal to LNAC+ ACA 5 5 78⁰ 437 | 
+180 27/97 067, and the angle SAB, or the apparent 
courſe, is = the ſu upplement of L NAR Which is 825 54”. 
And the apparent diſtance, or diſtance by log, = 56.9, or 57 


hours. That is to ſay, the ſloop _ reach Be iſland dit 


miles, run at the rate of 6 knots per hour, gives the tim Treaty 
THC En 9 . SM 3 
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WE have exemplified in the 8 chapters, the appli- 
cation of plain trigonometry to the ſolution of : nautical queſ- 
tions. But the ſolution: by logarithms is thought too operoſe 
for daily uſe, and it is ſeldom that mariners avail themſelves 
of the logarithmic lines upon Gunter's ſcale. It is now a long 
time ſince tables of difference of latitude and departure, com- 
monly called Traverſe: Tables, have been calculated; by the 
help of which, any perſon, though totally ignorant of the tri- 
gonometrical proportions, may readily find the parts of any 
right-angled triangle, provided two of them, excluſive of the 
right angle, be given. For, ſince the diſtance failed upon =y 
courſe is the -hypothenuſe of a right-angled triangle, of whic 
the difference of latitude and departure are the legs, a table of 
difference of latitude and departure to a ſufficient number of 
diſtances „ pers yr and to every coutſe in the qua- 
drant conſiſting of whole degrees, will not only be uſeful for 
working queſtions in plane — n but likewiſe 
may ſerve to give a nearly accurate ſolution to many other 
7 in which right-angled triangles are concerned. 
able V. is a table of difference of latitude and departure for 
diſtances not exceeding 300, and for courſes to every quarter 
point of the compaſs. Table VI. is a table of the ſame nature 
and extent, but for courſes conſiſting of whole degrees. 
— The uſe of theſe tables is eaſy. ne page conſiſts of ſeveral 
ſets of columns, three columns in each ſet, titled at top D. 
Lat. Dep. but at bottom D. Dep. Lat. the letter D. denoting 
diſtance, Lat. difference of latitude, and Dep, departure. At 
the top and bottom of each page, are numbers n the 
courſe, either in points of the compaſs or degrees, and the 
titles at top of the columns anſwer to the courſe at top, the 
titles at bottom of the columns anſwering in like manner to the 
courſe at bottom; this muſt be carefully attended to. The 


Aifference of latitude and departure anſwering to an given 


courſe and diſtance, are found oppoſite the diſtance in that 
25 of the table at the head or foot of which is the courſe. 
Therefore, if any two of the four things, viz; courſe, diſtance, 

difference of latitude, and departure, be given, and thoſe _ 


On — —E—ñͥ— 


mity of the fi 


and the outer extremity of the laſt diſtance, will be the depar- 


* 


TRAVERSE SATLT NG. my. 


found together in the table, 'the other ws chin will Ws, 
ud together in their reſpective p laces on the e 


ry little practice will enable the learner to turn readily ne 
— place required in the tables. a 
hen a ſhip ſails on ſeveral different courſes, theſe r 
and diſtances conſidered together, are called a 75 
In working a traverſe, it is obvious, if 'a ſhip, 2 ſeveral 
courſes, makes her differences of latitude all the ſame way, 
the ſum of all the differences of latitude will be the differen 
of latitude made good; but, if on ſome courſes ſhe makes 
northing, and on others ſouthing, the difference between the 
total northing and total ſouthing, will be the difference of la- 


titude made good of the ſame name with the greater quantity. 


N the Ii xx true with reſpeR to PE or _—y 1 
we ing. 

| Here flow exarhples of traverſes worked by the able of 
difference of latitude and ps Is 


ere $11 , l Fu — 


EX Au I. Fig. 10. We 


. 
0 : : 


1 A PE ſails on the following Se vis. sw. 25 miles, 


SSW. 18 miles, S W. 25 miles, E. 4 miles, EN. 7 miles, 
S. 10 miles. It is required to find the courſe, diſte, dif- 
ference of latitude and departure made Logs 755 n 


| | Conftrudtion, | 5 
Conſtruct the horizon with its meridian 0 arallel.” | 
off the firſt courſe and diſtance from the center of the oc! | 
Draw the rhumb of the ſecond courſe fro the center of the 

horizon; and, 1 to this rhumb, from the outer extte- 
diſtance, ſet off the frond diſtance, Draw 

8 rhumb of the third courſe from the center of the horizon ; 
arallel to this rhumb, from the outer extremity of the 
Ph. diftance, ſet off the "third diſtance, " And proceed, in 


, n 41 8 20 
* 


. 8515 


bo manner, till every courſe and diſtance, of the traverſe is 


drawn, From the center of the horizon, to the outer extre · 

8 of the laſt diſtance, draw a right line. This right line 
be the diſtance made good, and the acute angle foros 

r it and the meridian, will be the courſe made 

From the outer extremity of the laſt diſtance, draw a my 55 

of latitude falling on the meridian, prolonged if neceſſary. 

The eaft and weft line comprebended between the meridian 


— 


ture; 


n TRANS B 541. IN. 


eee err: 


8 Sereno of 


As we. 'conftruftion of every _—_— is performed. i in the. 
8 Walls; for MOOT» gar wah re get 


. 9 * * 8 > + 2 9 t Ans . 5% I 5 -j 2. 


5 4 7 +4 I 5 a F 
* rx £4 x 7 r — 1511 =} *. g 3 
„„ * . g '—*- i 
: 14 - * 9 
1 


2 Lal 7 a table. conbling of f an Tassen Tanz. 2 

. fox. columns, and title them lee TW i 3 
| cCouxſe, diſtance, northing, kd 

. . 5 Ke om dg 9 weſting, , ho. 


to contain that — title SSW. 
78 denotes. The courſes of the SW. 
. traverſe muſt be entered in the E. 
firſt column, and their re- 
ſpective diſtances oppoſite to 
them in the ſecond. Seek 
the firſt courſe SW, or 4 
pointh. fn 4 of differ CC |} 
ce of la and | | 
tue, and againſt the di Ae - wk 4 | — 
25, will be Sug 17 7:7.6 ; 7 "IIA of latitude, and 17.7 depar- 
ture, which enter in the columns of Love reg and weſting, be- 
cauſe the courſe is in the SW, qu: n like manner with 
the courſe SSW, or 2 poitits, againſt diſtance 18 is found 16.6 
diff. lat. and d 6.9 9 departure, which are likewiſe ſouthin 2 
weſting. SW. or 1 int, diſtance 25 gives 24.5 ſout 
and 49. Wy 'Ealt, iſtance 4 miles, need not be Cake 
out, ys the diſtance is all F and muſt, therefore, be en- 
ered in the E, column. or 7 2 diſtance 7 gives 
14 K and 6. 6:9 ar g. Aud diſtance 10 miles 1s all 
thing. . The difference between the total ſouthing and total 
8 1s 67.4 ſouthing; and the difference between the 
total weſting and the total caſting, is 18.6 weſting. With 
theſe Aab in the table of difference of latitude 1 d depar- 
e the diſtance is found 68, and at the top of the page 
ee for the courſe which is in the SW. quarter, the — 
taken from the top and not the UM of the page, be- 
5 the titles of lat. dep. at the top agree. with the nature of 
he numbers. 
I be coutſe, therefore, is 8. 15 W. ee 68 miles, diff. 
lat. 67:4, wiles N. Ne 18. NW. 5 * 
xð - 


is 


RN VIE A K. SAUUING * 


42 14184 A 1 
. EXAMPLE . 


74 | 52011. 6375 
DAE TAKA ES! in-282-ygo” N. 
0 ies e fails. 
WN' SW. :18. Whas is her pteſe 
parture * good, and» What are the bearings und di 
the pott to;which ſhe is bounfl ? 
| | U % } 8 { Os LOH 
oo Gun lation. 92 | —_— 4 


3 


— — — — —— 


Lat. ſ elfen 277 720 1 * Tears Teng 


Dif. la eos 395 


ii. © ani exo 
Ship's lat. . 51. N. 


Lat. bound to 18. 40 N. 
Dif. Jat. to be made 7149 N. 


Whole departure . (7 TUES 
0 made good 105, 1 


| to be n de 116 W. — 
ith 1 N g. 11 | alles weſti „ ſeeks” for 
Sin * Aliltange ! in the Frog of difference o atitude and 
departure, hieh being found N. 67 W. diſt, -p26, is the re- 
quired bearing and diſtance of the port, * to the Prin- 
ciples of wT "Rf 7 


— SES. 
net m. N 


A ſhip ſails on the followin "courſes. ls 1 NE. 
28 miles, SWIW. 52: miles, g, courſe o miles, * SSE, 36 
miles, SE4E. 58 5 18 her coure diſtance, dif, lat. 
nd nia ond e 


- * &'\ 4 . bu 4 ' , * 
OH, ' ' : 

— g _— * & — 598 * oo . 2 : . 2 * % » 6 

. = 
"44 | * 1 ' . - 
* L p 1 ASS FEY 0 , * 
0 1 
i 0 * * 
N * — f * 
* * 


- TRAVE RSE SA Re : 
. TRAY ERSE TABLE, . 


+ 3 


— 275 x 571 R. 
F 
. 1 EAR P L E V. en ein Ac ann 
TY: 18/ 8. x his (il NNE: 2356s" NDW. 30 
Lite, E. 8E. miles, SSW. 18 mils, 
6 NBA go 'NEZE.-42 nail „WS. 45 miles, SWös. | 
20 miles, EIN. 62 miles. Required der 7 wait | 
. derne b, nende and departure ace good. 
„ TRAVERSE TABLE.” ' 
cccurſe f P. N. | 8. T'ETW] 5 
© > NE. 22 20. 3 . -f 8. 4 1 
1 W. . 29.4. 29 | 5.8 1 
R EE. 40 27] (23 3] 10977» Fg 3 
J 4: 26} 1 59 Cf 23.7 os 55 
i no 2x8" 7 { . 6.8 [i 
WIN.] 50 | 38.6 De) bt at 4 
EzE. | 42 26.6 32.5 | 1 
28. 45 { 4-4 44.8 1 
| SW3BS. 20 | | 16. 6 [1 J”: I N 
EIN. 929.1 61. 3 | 0 
4 * * — —U—än—ß — — |—__— 
n 146. 247. 2 [158.6 [100.2 0 
8 | 47.2 100. 2 ti 
- IN. . E. 115 | 99 0 _ 1 58.4 | 4 
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face of * to be uſed in any but fmall' 


e 
bee, FOOTY Of beau t 
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1 2 . 10 — 414 2 (F858 | 110 
q . A 5 1 
| ATE - i Stil CH * . 1 255 
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7 6.69 or wandten $A1LING, I» 


FARES 38 
kr has: odds been obſerved, e Kling upon the prinei- 
pls of the plane chart is too erroneous, when apple ied to the ſur- 
iſtances, or be- 
tween the es; where the meridians have but little con- 
yergency, the rhumb lines do not widely diffex from pi 
tions of great circles. In all ſea reckonings, the principlieof 
the plane chart are ſuppoſed to be exact enough for the quan- 
tity un aver * weak 15 and, at the end of 7 56 24 Ns 2 
Mip's Mey cn of is 2 77 gal nudes ude and longitude, by it ap- 
ing tne er e 9 latit 5 4 THCIPLeS 
BY Wade ailed from, and the di 9 0 of Fig et 22 
longitude ſailed from. This difference of longitude is 1 5 5 
either by Fe fannt, x er TY, nor orMeremtor I 


9K 5 | FF Fob 


ann 1 3% 1 ſit 199 316 


«#4 bana Citing: 18 the method bf fading the difference. of | 


longitude made y: a ſhip, when ther courſe and diſtance, run 
upon a Known parallel” of: latitude, are Hs. and che den- 


4s 
* The computations in -paralle wg pend on the follow 


ww 


on the globe, the aac of Kongitude 1 between any t 
meridians, is to the diſtance between thoſe eridians meaſured 
on day arallel of HR, as n to che colin oline of 725 


Ws 


ſphere; _ the plane eee 
the plane of a parallel of 15 P the pole; 
two quadrants of meridians; C, E Q,.radil, TRE 8 . 4515 
drawn in the planes of the, 3 5 + ad DB, DR, cad ii of 
he parallel, drawn in the lame planes. 
Then the arc CQ_ =the — of battle che are eBR 
— — 8 


Dimonfiration. Let KOR Pe nt che fourth, 0 | 


0 


a 


7 meeting the arc in f. E, Ja,! &c. 4 


U 


. ot PARALUEL SAILING. 


=the diſtance bike the meridians, meaſured on a parallel 
of latitude: EQ Radius: DR S the coſine of the angle 


REQ, which is meafured by RQ, or the latitude: 

For 5 angle QEC'i 1 qual to the as gle RDB, becauſe the 
lines BD, are re ively paral EN » (by the 
def. o Parallel of dat t.) and if the 1. GDB 11 conceived to 
be moved towards the equator, without altering the paralleliſm 


of, theſe lines, the point D will 8 l and 9 


DR, DB, will fall on the radii EQ, EG. 


The arcs CQ, BR, are, therefore, Se of different — 
Which meaſure equal angles; and conſequently are as their ra- 
di. Corol. 1. theo, nuke & [2 book, Les That is, EQ; 
1 BR4:EQ.: DR. 9 of] >. eee Jaoty Yo 46: 
e e to be proved. toc mult 2s Hay 9027 


eilt x. And C. br: 1855 ar Wee, by thro i 


- thes: 28 ſect. x. bock t. BR DR: From which, 
E 


© other uſeful: aportions'' be obtained, ing the 'order 
"dF the Weis?” | 1 e whey 


3 Conil. 2 {2 "Frida this theo is derived the methadrof. con- 


ſtructing the line of longitude on Gunter's ſcale. In the qua- 
drant CAB, fig. 81, divide the radius CA into 60 equal parts, 


and number "them from the center outwards. From the points of 
diviſion 10, 20, 30, &c. draw perpendiculars interſecting or 
Join AB, and from A, the 


meeting of the divided radius with the are, wich the chords of 


- Ab, Ac Ad, &. deſeribe ares cutting the 1 in as 


Number 


many points as there are points of divifion in A 


the divifions of AB in a reverſed order from A. Then, if a 


line of chords to the fame radius be applied from A to B, with 
its diviſions beginning at A, and any latitude be taken on the 
line of chords, the oppolite digifion of the line AB, thus di- 
vided, will ſhew. the number of equatorial miles in a degree 


of longitude meaſured on that parallel of latitude. Tbenlia⸗ 


A is from its uſe called, 4 ine o f Longitude, by ; 
Thy proof of this readily Elles from the theorem. For, 
fince the radius CA is in do to the coſines.C:50, C40, 
C 30, -&c. as 60 to the numbers with which hey are gradu- 
” ated, an equatorial degree, or 60 miles, muſt have the ſame 
ratios to the degrees of the parallels of whoſe. latitudesithe lines 


. are the coſines. Now the ares of theſe latitudes are Ab, Ac, 


Ad, & c. And A 50, A 40, A 30; &. om the line AB, are 
the chords of thoſe arcs.” The graduated ine of chords is, 


N — to e. 'the quantities of 'thofe ares, 


sir of © namely, 


nm G „ 
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ſhewn. N . e e do 
een | 42 
: " Brampler in Paraltu Selig 
ee iel 
EXAMPLE. L Fi 82. | 


A ſhip in latitude 44 12“ N. fails, E. miles. uired 
ber difference cr ö 8 . 


. of — 


. 1 
» Ew * Y ＋ * * » +443 \ 4 Wnt? - 
* - Confiration. , er „e ni a0 75 5 


Make AC. Fg 449 1274, and AB, = ly ge 3 
From the center A, deſcribe the arcs CD, BE, paſſing thro' 
C, B. On the are CD, from C, ſet off 59 miles as 3 chord; 
and through D, its other extremi BE, draw CD prolonged ui 
it meets the arc BE in E. Join lee night line BE % 
i cu e yas 0 5 * 5 ru 

is conſtruction is a geometri olution of t roportion 
in the theorem, taken in an inverted order. That is, in the 
ſimilar triangles ACP, ABE, cos. lat. AC: radius: AB:: 
am" or 7 diſtance gat difference of longi- 
tude BE. 9401 
* av 


Or, it 2 othenwith eonfiruted®. "$64 41 4 66 Se 


Make an angle CAB of as many degrees and minutes as the 
latitude. From the angular point A, ſet off AC= 9 miles: 
the departure or meridional diſtance. From C erect t - perpen- 
dicular CB, meeting AB in B. AB will be the differency of 
be itude required. 

his conſtruction exhibits the ſame proportion as the fore- 

4 — For, in the right-angled r cole, lat.: 
radius : : departure w_ _ _ AB. l 
| % i vv 66 r 

Each of theſe 1 is 5 ous to a EN of the 
ſphere, the firſt to the orthographic” og on the plane of the 
equator, and the latter to the ſame projeQion on the plane of the 
meridian. | 'The- firſt-is moſt generally uſed; but, the latter ſeems 
preferable, becauſe it elucidates the ſolution by the traverſe cable. ; 


HY et SLATS D, 2 „ 13 , 
424 £ l 2 4 1 in =. 4 0 1 8 T5 1 (44/41 
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So? Re 
7” 
v4 
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: 
- 


Sf ener, 10 10% 


. J * . 8 
j Us « %- £4 4 Ty 4 , FT - * L "34 ef 301 . 22 
d oy 
Pp 1 5 1 nene r 
a 8. $44 ms ba + wg 1879 8 . 


cat OH wo 4 8 
Radius a 
: 38 . Departure . ; 


: Difference 1 | 110. - 2.04217 
d e OT A 


Oppoſite 4d the latitude en the line of — 3 4 
IX on the line of longitude, which is therefore the MN 
Ales in a degree of longitude in that latitude. ARGOS 43 
60.7% * yo" 115 miles, Sr the difference of . ont \ 


* A. 


5 8 WOE) by the ve 2 1 3 


Wich = ed-liticqdens a courſe, and . Fr ws | 
© as'departure, find the correſponding, d ans. his diſtance 
is the i of longitude. That is, with: 469 at the bot- 

tom of the page ſeek 79 in the column of: departure, and the 
diſtance 110 is the difference of Jongitude: _ 

The renſon of this operation is clear, from te chat 

in the right · angled triangle ABC, the angle B, or the bo- la- 
En . to the departure AC, exactly the ſame as i 
it were an angle of courſe, and that the difference of longitude 
Ae the ſide oppoſite * Tight angle, in Nike ep ke al as ne 
e a, wann ſailing | 
M07 33 7 


by » 5 KE 4 4 M Fa R 11. Fig. 83. 
A thip indaticade 469 3% N. is bound ro:Gibrattars which 


lies on the ſame fatalle, and in'4* 46/ W «longitude; By an ( 
' eclipſe of the moon, ſhe” finds her pre ſent en to de 
I 3” 08” Mi ! is her r meridional er r2O84 | 
4 lo _— "4.46 8 wo | att | * 1 4 : . | 
The e ong ieade; or r diets beten ” 40. f 
am 13 68% i ie 8 42% miles- 
With the radius AB. or fine 90%, deſcribe thi Arc BE, on b 
which ſet off BE=502 miles. With the coſine of b 
Ae, deſeribe the are CD. Join AE, interſecting ch in D. f 
_* Draw the right line CD, and it will be the meridional diſ· & 


dance. 
Or 


9 


latitude. Ons one of the 1 1.82 5 2 1 B=g62=di 
et 


0 FARABLEL SALLING: | 1 


1 


Or otherwiſe, | 2 aged ung ci od Hiw di ban watery 
* & an 0 whoſe mba ihe as 1=gfe =rhe 
15 429 15 ad” 
5d its edlen i Fn K ee . 
4 hailed 


«LL oh LF: B58 16 4 Nr 1 17 
Fi 19 nne 15 f N 462 55 Yi} 300 
it 0 -. i IS HAS. aer 
5 ofthe las. "43 975 9.8617 4; 
g . ii 
d dee, e eee 


l 144 Tk | | 84 > # ay 10 9 i N "SE | HS 
0 + © « 1: 
** : Depart ure 348 | Rr arte 

— Line of Lo rude, © 


| Oppoſite 469=the latitude on the line bf i - huts 
411, the number of miles in a degree of longitude in that lati- 
tude, Therefore 60: 41} : : 502 : 585 SF meridional | 
diſtance or departure. TOR TR a th 


By the 8 Tal. 


With the co- lat. 44 as a courſe; and alf the diff. lon 
2251 as diſtance, is found 174 departure, e doubled, 1s 
=346 the meridional diſtance of departure. 


fr 


8. 
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—— —= 

c H A P. v. 

or MIDDLE LATITUBEs AND' MER 
\CATOR's SAILIAS...,” 


I latitude —_— i 4 method of finding 2e 
place on the globe, by app lying the principles of parallel ſail- 

— to Kean made good oblique thumb. 
When a ſhip ſails on ＋ pri ue rhumb, that is, on a courſe 
between the meridian and parallel, ſhe” alters at the ſame time 
both her latitude and meridional diſtance. But the departure 
found by plane failing, will not be her - meridional diſtance, 
t the latitude failed from or come to, For, at the 


% 


110 | Of Middle Latitude f weren, 


greater latitude it will be too great, becauſe the 


Mw = towards the poles ;. and, for a n trary. _— it is 
2 t 57 


all zt the Jer latitude. Fu 7 it follows,” tha 
eparture. 15 the true meridional” diſtai 

8 1 which 

ſailed from and that come to. In middle Tatitude 

departure is taken for the meridiogal diſtance thre 
on the parallel of the middle latitude; and, though theſe are 
not ſtrictly equal, yet the error which ariſes from this method, 
is of no conſequence in a"day's Tug excepting. in ery high 


latitudes. 
The middle'Tatitide is found, bxtaking balf arm of the 


two latitudes, if of the ſame name, or half their difference, if 
of contrary names, and the queſtions are ſolved e help of 


the follow! ing 9 | 


meaſured Q a'pat 


«. FS. : vt 7 
4 , 545 W We — F 
ay iddle latitude, 7 5 | 
2:4 r Grag mi . « x 1% — 18 \ « p 4 
FEE -SS "I 17 1 * H I; Was # 
4 1 dius. * + - 
= : ; . - . , 42 9 = - 
13 as 8 a . non D655 8 
r 
* 73 . 1 


Ine wok: eparture. 7 > "BE 
Difference of longitule. 
This * is the inverſe of the theotem of bann 


failing. | 1 


3 — „ 


hoof : Ian nt of courſe. g 5 
: Difference of latitude. «Ab bot ora 

: Difference of longitude. | 
This proportion is deduce from the foregoing, 2s is here 


. 3 


Demonſtration. Coline middle lat.: radius: : : departure : diff. 


longitude. 
herefore, Coſine mid. lat. xcdiff. long. =radius xdeparture 


by pep 3. ſect. 1. book 1. 


difference of lat.: ine : departure : tangent of 


courie. x. 4. 120. | 1 „ 

Therefore Arenee of lat: xtangent\ of <ourſe=radius xde- 
parture by theo. 3. ſect. 1. book 1. 

Whence coſine mid. lat. * diff. pn diff. . tang. 

courſe, by axiom .. . 

And coſine mid. lat.: tang. couthy 25 al. lat. 2 r. by 
„„ ehh 


7175 * % 1 
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ies between the two extreme parallels, n 1 th 5 
Ach 


. * cy l * * 7 £ & 
hl 4 Sede idle latitude. og iis of 5 1 
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- Year 1599, Mr. Edward 
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LN ae As bo 10 . 


of ME WEATS Ws SAILING. 


ad vinhs 50 i e of finding + ſhip's ahh on 
Sede the Rafice'of Mereator's chart; ure 
tables. © 4010 Mice 5001115 to 90 "| 
In the efierdater's Eire): che Meridians are drawn parallel to 
2 otherß 8 f in the plane chart, Bo 1 pes the Meridien 
di ance is ev where the, ſam ut, 4n order to compenſate 
= this c eke of Aueltülte Me are! es {diftanit on the 
t ſo the © art,” büt ate more' nt the higher 
$07 I res, £ 81, f er Words, the de 3 of the meri- 
dian ade not all Equal; * mg Mereafe in leugtf the more remote 
they are from the equator. And this is ſo, provided that any 
very mindte part bf the artiffclal metidian bears the ſame pro- 


3 2 to à like part of the parallel of its NO, as do. the 


" 


halts of each o n che globe itſelffs. CE, 
ow th MAC tht H. Ee Bar *t; * 1 Ar” 426 3 e 


by &; X. un NH 0h R. * 134-60 7. 
Radius is in e to the coſine of tative,” as the K 
cant of latitude is to radius. F bee, | 
Demonſtration, Let ED re Nen 1 an are - bfAatitude. - | Fhen 
AF will be its coſine, and AG its ſecant. The t triangles ADF, 
AGE; are ſimilar, for they are right angled, and have a com- 


men angle at A. Cool. f. theo. 5. ſect. 1. book. 7. 
Therefore AD=radius": AF 2 "cofine of Jat? * : : AG=ſecane 
of lat. AE g radius. eee ee 1 (4 lb | 
Which c 1472713542 0 eH . 
* 33211 J | 9951495 1 e { gH +4 
# 5% : . 2 4 > £ }- Ht — is 4. 43 
„ ro- 
D e nne io 133 PIT YE | 
p 12615727219: or: Sevoe len en r 0 


bo This method of conſtructing a chart of the world, 'whoſe meri- 
dians and parallels are right lines, is hinted at in the writings of Pto- 
lemy. | Gerard Mercator firſt — — of theſe eharts in 1556, 
with the theory of which he did not a to be acquainted, for the 
Hon; of his meridian vow gy. increaſed in the true ratio. In the 
ae ubliſhed his Correction of Error: in 
avigation, in which the theory is demonſtrated, and the. method 
. computation, by a. table of meridional parts, Pra oo And 
Dr. Halley, in Td Philoſophical Tran factlons, firſt demonſtrated, 
that. the artificial meridian line is a ſcale of logarithmic 2 or 


half the co · latitudes, beginning from radius. 
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on Mercator's chart of the parallel of latitude expreſſed by 
the higheſt ſecant. 

J me 5 © 1H TT 

Which was to be proved, | p 

Corollary, The nautical meridian may be divided practical 
by aſſuming arcs of latitude whoſe ani differetice is 1506 
and determinate. And the graduations will be more accurate 
the ſmaller the common difference. Thus, if the common 


difference be taken=i min. it will be ſec, f m. : meridional 


part 1 m. :: ſec. x m. A ſec. 2 m. +ſec. 3 m. &c mer. parts 2+ 


n Kc. And r ſecant 1 min. * 


Smerid. pts. 12 4 3 m. &c. That is to ſay, the ſum or ag- 
gate of the ſecants of all the arcs, arithmetically increaſing 
by the difference of 1 min, to any given latitude, being di- 
yided by the ſecant of 1 min. will give the length of the nau- 
tical meridian to that latitude, in parts th to the firſt meri- 
dional part, namely in equatorial miles, 
ridional-part contained between the equator and the latitude of 
1 min. does not exceed an equatorial mile by any quantity 
which need be conſidered in practice. By this method it was 


that Mr. Wright calculated the table of meridional parts. 


Scbelium. The line marked Mer. on the Gunter's ſcale, "is 


a nautical meridian, adapted to the ſcale of equal parts, or 


equatorial degrees, which is underneath it, and marked EP. 


By the help of theſe lines, and the inſtructions already given 
(ch. f. book ii.) concerning the plane chart, it is eaſy to con- 


& a Mercator's chart, whoſe 2 ſhall be of the parti - 
cular magnitude exhibited on the ſcale- But the moſt conve- 
nient method of making a chart, - whoſe degrees ſhall be of 'a 
required magnitude, is to graduate the equator into equal parts 
or degrees as required, and from thence, as a ſcale, take the 
diſtances of the ſeveral parallels of latitude from the equator, 
which ſet off upon the meridian. Theſe diſtances are found in 
the table of meridional parts to each latitude, where it is to be 


noted, that if the equator be graduated into minutes, the me- 


ridjonal parts are to be taken as in the table; but, if it be di- 
vided only into degrees, the meridional parts muſt previouſly ' - 
be — into equatorial degrees, by dividing by 60. 6 
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ecauſe the firſt me» | 
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x . The | per difrens of nh Sad ne diſter- 
age haps 1 — on Mercator a chart, as: the. We the 


rence of longitude. LG 121 N i PA 15 1. 


"" Dimon/iration. ' Let there be Nie an es 121 
bf zn oblique rhumb en the globe, and ratfiis' line lat.:: 
difference of fongitude bega ere by e e * _ 
Au ſecant Lat.: radius ?: diff. Tong, depagt. 1 
. Or, dep.” rad. :? diffi long.; ſec. lat. cor. 3. . Th A b. 1, 
e any definite part ef the chum may be concbived to 
of a number of ſuch- indefinitely ſmall. pars oroſ- 
vos 2 number of parallel of latitude, sss. 
here fore, the ſum of all the departures, orthewhole departure 
anſwering to the definite part of rhe Thumb: the like multiple 
gdf radius: : the ſum of all the differences of long. ne 
ing with the departures, or the whole — of 
made: the aggregate of the focus of all oo a rand 3 
5.6. ſect. 1. book: 11 ' guy 
That/is to ſay, the Aepesture: Uvedies op Way: : ok 1501. 
tipleſof radius, anſwering to the number 2 parallels of latitude 
exolled, oven: the. Aggregate of of, all the the \ſecants. of thoſe, lati- | 


n, let the fame. (SAT hall part of the obs 

9 7 de taken and, by theo. 2. ſecant;1: fl | 

m. part of Mercator's meridian in that latitude, or the 
mexidional ones of. latitude : like part of the Paralle 
proper. difference of latitude, Ga T the parallels on the ct 

are equal to the meridians.on, the glo 
70 os — * lat. : 5 ee diff lat. ; . 1255 

t. corol. I, theo. g. ſect. 1. 1 

1 1 ik the ſame definite part of the humb. be taken as be- 

fore, f the number of indefinite! ſmall. parts which may be 

conceived to make the Whole difference of latitude, wilL alſo 
be equsl to the Wants of parallels 2845 e e lag 

| Tharef efore, by the arguments already uſed, 4s proper dif- 

* ference of latitude: mer. diff. lat. : :'a multiple. of radius anf- 

wering to the number of parallels crofled over : the aggregate 

of all the ſecants of thoſe latitudes. 

But it has been proved, that the departure: diff. Jong. : :3 
multiple of radius anfwering to the number of parallels eroſſed 
over : the aggregate of all the ſecanes of thoſe latitudes. 

g | Whence, 
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Whence, res diff. lat, ; mer, * lat.: 20 HOI : diff. 


lon itude. 
Whi ich was to be proved. 


Corollary. Hence it follows, that the N be re eſented 

on Mercator's chart by right lines. For, if. ARI fig 85.)repreſent 
the proper difference of latitude, — hr 
by running on the rhumb AC. And, if Ab. be'the meridional 
difference of latitude, and b c the parallel of latitude come to, 
in Mercator's chart, the line Ac 4 d will cut the 
rallel in e, and bc will be the difference * longitude. yi 
the triangles ABC, Abc, are reh ; being both right an 5 
and having a common 3 (Corol- I. they. 5. ſe 


book 1.) Whence AB, or X proper diff. lat.: Ab, or the 5 


mer. diff. lat.:: BC, or the departure : bc, or the difference 
of longitude, which agrees with the theorem. And in like 
nner every departure whatſoeyer, which can be made by 


ili the rhumb AC, will have the correſpond ing diffe - 


ence. 0 of Jon zitu tude | nn ated | in the ſame right line continue 
It is, therefore, ea uy inferred, that lines on 8 chart, 
which croſs the meridians at the ſame Ae Ph the rbumbs 


meridians o globe, are ncht Un 1 to 1 — 
re are engl ented n 8 ew e 


Whig was to 


: Bl 47 3 «$1 id * 


Tie meridional ane Wade 40 to the difference e 
ron radius to the. tangent of the courſe. dh 


+6; To e Th Kanes mer. diff. n 
ong. \ 

departure: mer. al. 
cel Ne if he n e Mk 


t eo. 4 1 10 1088 
82 8920 , at. : departure :; ate : Uinigent « courſe, 
X. 4. ch. 1 
Tee reel ait lit: Alk. Noa : radius : tangent 


v a1 5 7 3 1 s 89 353 E 1 9 


"Which ons e by proved. ch ohe i N n 15% 
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Solution 4 Middle Latitude Sailing. | 


and's Endisin lat. 30 06! N. and long. 5 00/ 
Wt 2 80 lat. Seal 200 N. long, E 48”. 1. 


Pik. lat, 19-4607 . 186 . 8. D. —.— or wan 


4 
*. 


. 
175 +7 


£1 f 3 . 8 4 2127 * | 
| Sum 57 20 4 | ___ 
. | in dj 
. 65 c 
„ F r 
f e 1 : 5 
NM Bs sam. 4043 18 middle lat. hy 5 
„ — S021, PF 2465 16187 : 
„ | 49: 7 co-middle It” ere . yy 
1 | 2. 2 
FINS « 4 4T. 4 | 
f a ＋ 0 , " * Ws : f «$ , . 7 at 
2 57 7 iy + 18 0 16 44 a 1 eee 
. dali, © e ee 


N Ale an JIE Car of as 2 degrees and Ahe as " 

3 latitude, viz. 40 rom the angular 7 om 5 
t'of AE=3528 8 Vir. of lon reden ! 

outer extremity E, let. fall he perpendicular: EC. 


be the departure or meridional diſtance. 
From g. Nase CE, prolonge d if en EC 


21 186 miles the difference of latitude.” and join Abo. 
The angle ADC, which is oppoſite the ene will be 
| the courſe, and AD will be A Se. uired, 

The triangle AEO is eonſtructed apon the Fg of pa- 
rallel- failing, already explained in c 17. „and the triangle 
AD is conſtructed upon the principles of pl; failings dif- 
5 of latitude and departure being giv — find the 


h is obvious, that the other method 7 cofitifing't 1ueſ- 
tions 1 arallel 2 50 may be ap 5 inſtead of that which 


5s Vers Ur uſed'; but it is Runes 2 unneceſſary 1 enter into 
a detail W head rat 8 181 A; 11, +37 44 4 * ; 
zu ne ier: © of ie eee bree dee ee 


To find the departure by L= * To, find the 4 0 
verting the rtion in t e ene proportion. 9 
peofour hitter | 


| Radics = - dig 1e. 31 cpi. 95 
: Cos. mid. lat. 490 170 od" Diff. .. 1 oo” 


: Diff. lon . 31:8. at. 499 177 9.8 
i. bag.” 3588 eee, 9.87904 


aDepartars,.c.,2654; 5 3-487 17 oo: Fee 66".5 | 39439399 
=o OE TOO TROY. 10” © BESS Ar ng _ [of 4 *To 
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ca 


wt 9 ww. a2EW 


perpe dicular 
off DC=1186, 


tude and longitude is made, is upon 
line, (corol. to theo; 3. of this chapter, ) paſſing through the ex 
_ of the lines, * — thoſe differences DB will be the 


MIDDLE LATITUDE SAILING, 9 - 


To find the diſtance by: plane ſailin 
Sine Courſe 6605 — SN 


Departure 2674 255 1 
2: Radivs — by f ; — EY. 5 I N 
| '» th Dae Table, ; 


Wich the eo middle lat. as courſe, and Gene of . 
tude as diſtance, 'find the correſponding departure, which will 
be the true departure. In the preſent example, the numbers 
being fo hi high, a proportional part of each muſt be taken, ſup- 

les Ts 3 that is to ſay, with the co-middle lat. 499,” and % 

29=294 as diſtance, the departure is found 221:9; And 
wh this departure, and xs of 1186 the diff, of lat. viz. 98.9, 
the courſe 666 and diſtance 243, are found; which diſtance 
* multiplied by 12 gives 29k 6 for the true diſtance, 
may be obſerved, * remainders which are loſt i in 
aan . 175 numbers, 2 the ſoſution by the ma 


8 ACCUrage, in ſuch cafes as requfre chat operation, 


Solution by Mercator s Sailing. 


Aab! End iin lat. 300 06/ N. Meridjonal parts 3434 
Bermudas lat. 37. 20 a Mer. parts 1981 
ur dig lt, 9 
8 37 7 3 F n r | 3 e » : 


Om radtn. Fig, . 26 


Make , the difference of longi ityde, and erect the 
501 the mer. diff. u Jom BD.” From 
e proper diff. lat t.; and through ©, 

1 CA parallel to EB; and cutting DB in A. 
** A . ADC will be the courſe, the line AD the diſtance, 

e departure.” ' © | 

Ks the rhumb upon which any x given difference of lati· 
ercator's chart'a right 


— and the exe courſe. In the triangle DAC, 
in which is the p roper difference 0 latitude; 


— is given courſe and difference of latitude the reft; | 
22 ch. 1. of this book. | . | 


' >, latitude, Will be found e . 
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l ee, To ind ths 1 8 by plane 


the preſent ble. » [I * failing. 


Mer. diff, it. 15 03 3-17696 | Coline darts 23 2 
2 Diff. long. 4 3: 54753 515 lat. "= 3-07 498 
2: Radius Naar wr 10. 


1 1 4 — 


N 
ora e 660 35, 10. 375 : Diſtance 3025 3-48072 | 


n 1 
0 903 4 $331 Y 


ik £44 Saen ty the m, Table, Sib aps; 
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Win the meridional difference. of latitude or aha 01 tonal 
rt of the ſame, as difference of, latitude ; an the difference of 
ou N 85 2 like, part, a8 — ik in the traverſe 


er . 
Rs OE e 


From the differing reſults of theſe two mar Ot appears, 


that middle latitude failing. is totally i improper ſo Applies 
da mm the ODE differ conſiderably... LB. Ng 1 


EAN H. 


Ker e leres fh 250 ü. hg Jongltads ve bs w. 
ſails SW w. 21 He pts T e 
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Solitien ay Mild Latitude u. Fig 88. 


Jo | Cofradtion : 
- 3 the meridia Ns, 1 on D draw the line DA = = 


. N * 
: 1 „„ 


2 bete of lag 422 6275 abt n 
it rence t 
Th tome its ade, and 1 5 


N 2} 113 ei 
en Ads AY; 80257 
ee e. N fr as 


the difference of lopgitude, .- - | 
I A gr uo it 10 1 3 0 oy 25 


Ark by 18 5 300 fle 1 
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ene stens 0  . 008 1 vo abi gn BY + di nor. 


: 84 Computatian. | 1 2457 

112 1 une 3n32ns 1; 

To ind the ference of ltd Lat. failed $006)" 479 23/ N. 
by V plane Tailfn Diff. lat. 1. 10. 8. 

Radius - 1 35 $2.1 20“ 1. 

: Diſtance 126 m. 2.1003) | Preſent lat. 46. 13. N. 


:: Co. ſi.courſe / n 5 
3 45 EIS gam or let. 93. 36. 


1.84511 * 
0 on os s 931 HalFor ait Kt —_ . N. 
ish the Gim Longttüde t. 0 (% „% KL!LÄñ„7 


— . CL la.. 43* 4 
Ny _ fiioq poolggad þff ity ei gut — 
1 Diff lati a nb; Long, ſailed, om 101 / 


Diff. longit ing! K 
Diff. long. 153. 2.18481 55 — 
| . 20 335 1 Pres * 13. 50. W. 


** .. ; p 
oi it 4 gun * n Te 1. 7 able Tx) TY a 10 2 


Wu boure g points; and AUbanee 926; are ay diff. lati 
70, and departure 104.8. And with co-middle lat. 43* as courſe, 


and departure 194.8 Ne N 3 ”=_ is hos dif- 
ference of longit Ct NS; 


eee. 116 58. 


Ae + ewe 
" 8 4 tat 7 {2 


Conftru& the triangle DAC a as * and find the preſent 
latitude, From the two latitudes and theit correſpondent me- 
ridional parts, find the meridional differenee of latitude, which 
ſet off from D ſouthward to E. Draw EB to the weſtward of 
E * parallel to CA. Continue D it nner EB 


ER will be the difference of longitude. 


Computation. 


The pr aden laticuis i found by plane Eating a as has ated 


Lee. Gital ben a2? ag! 8. Mer. pts... 3237 
© Lats come is 40,3. N. Mer. pts. 3134 


— 


; Mer. diff. lat. 103 
Tos 


i ot MRA AN 


1775 longitude by TIO = of the preſent chapter: 
ius | 

: Tangent courſe "569" I 7 107517 

„ Mete di lab. et bo SALONS... 


. 04, s I's Fs $1 Hee — 
— Diff. ** 1 RS 9 * 
VI, ne 4 1 \ 5 4 Fargo yay" 1 FAQ [y © Fs + 981 27 1 3 


eee. „„ 


F ib 


— — ee — 0 
. * 5.0 ae ans good; 


pt © Ribs 


1 ſhip i in fight of the pie 6. Tia beating NNE, finds 
| her latitude: obſervation 2645 N 122k: Nip! ne 
_ lorequired 10 — fr: 03 f. 1 7 baA 8. 01 97: nb . „ 
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Solution by Middle Latitude 2 Fig 9% 


Tenerife lat, 28, 25. n 69 250 W. 
Ship” $ Ee 27. 65. N. * WI N 


0 
Dif. lat. 1. 20. or bels 70 from bels. 
1 * — of Anni HH io Ang) 
n Barbe 35. 30. unn en 5012 en 3b 


ä Wen ibi: 2M od: bnit ing nb 
54. br. s 0) ne marie Bo 10 
R r n bund 
Co-wid lat. 62. 15. itn 


- „ : 1 * - ® + o EA a L | f 7 7 
8 ; a4 4 we # $3 2 94118 2017 — 4 lis H — 
5 
8 
* 5 vv * 


Draw the meridian Ns, ant from a point in the ſame D 
2 DA, NNE. Make DC to the northward 2 80 miles the 
diff. lat. and draw the parallel of latitude CA. From A draw 
AE, making the angle CAE=the middle latitude and inter- 
We? NS in E. AE will be the difference of l 


4 £3 
*#© „ 


_ %%ͤͤ ù de” © 


To 0 the 1 by To find the difference of 
plane failing. ? llongitude. 
Cofi. co. 679 30 / ar. co. 0.03438 | Coſi. mid. lat, 62* 15/ 94693 
Diff. lat. 818. 8 1. 5 {Radius — » oo 8 ä 
7281. co. 229 307 9.58284 : Departure 33. 1 eb. 
wg | [ | +: ha — * — — 
e 18.8203 [Diff. eas 37: $ i. 57334 c 
be. Tenetiffe 1625 w. 8 
Long. 37 W. = rect. 
sbip' Long. 17. o W. * 
5 BN the Traberſe Table. | N 


With the courſe 2 points and diff. lat. 80 m. is found um 


ture 33 miles, and with the co-fniddle lat. 62% as courſe, and 


the ſame departure, is found diſtance 37s which is the-differe ; 


LON of longitude. 


- Solution: by Mercater's Sailing. Fi ig. 91. 


Lat. Teneriffe 28* 25/ N. Mer. parts 1780 
Ship's lat. | 7 bi *. n z = 


— ? 


g dfn, 1 1 | | 
Conſtruct the triangle DAC as before. From D ſet off 


DE=9g1 the mer. diff. lat. Draw EB to the eaſtward of E, 


and parallel to CA. Continue DA till it interſects EB in B. 
EB will be the 5 8 of longitule. | 


N Computation. 3 
. To find the longitude. 
Radius Nee 10% 
Tan. courſe "22 3% 9.61722 
Mer. diff lat. 91. ; | 1.95904 


Dit. ng. 37. 176% 
e et AE. cl 


5 1 Or 'MERCATOR' AND' = 
| 8 By the Trove Table. 


| "With courſe 2 points and mer. diff. lat. = —_ inſtead of proper 
© Jiff, lat. the We. 9 is found, 3 is the dene 


of l 


7 % 


. a wv. 


iN ſhip, after taking her departure from Cape Clear, fails 
SSW. and finds by obſervation of à lunar eclipſe, that her 
Jongitude is 10 54 W. What diſtance has ſhe ſailed, and 
alſo what is her preſent latitude ?__ 
This queſtion does not a of a direct ſolution by middle 
| Iatiuude ſailing. 


8 Solution by Mercator: bal Fi » ga 


We Clear lat. sr. 120 N. l W. 
15 28 Ship's Jo. 2 8 W. 


| | | | Ea 10. ee 69 m. W. 
Draw the Meridian NS, aten a point D in the 3 
draw DB, SSW. From the ſame point Ddraw Db, W em. 
the difference of longitude, Parallel to DS draw bB'interlec- | 
ting DB in B, and parallel to bD draw BE interſeQing DS 
in E. DE will be the meridipnal difference of latitude. 
Subtract the number of miles in the meridional difference of 
.. latitude from the meridional parts correſponding with 51* 12/ 
tte latitude failed from; the remainder will be the mer. parts 
* correſponding with the latitude come to. Whence both lati- 
e being known, the proper difference of latitude r be 
ound... - 
Set, off the proper difference of latitude from D to 0, and 
draw the * CA interſecting DB in A. CA will be the 
8 and DA the diſtance. 


\ \ 
3x Comptaticn - 4 
| To find the meridional difference of latitude by inverting the 
proportion in theorem 4. | 
- Tangent courſe 22? 30/ 1 | 
c --< | tit 
| 


V . Diff. longitude 69 m. 1 1.83885 


Mer, dif lat. 8 85 . 2163 c 


in aa 


1 


. ID > 


* — 


he 


apo 


„bn 73 Ah 2 72 of. 117 73 - : | 8 2 1 im. þ vr 
Preſent latitude 49-25 | Mer, parts 


116. will be founck. 


— 


— 


MIDDLE LATITUDE'SSTLING. 165 


Cape Clear lat. 51 22/7 N. Mer. parts 3588 
Subtract mer. diff. lt. Re 


1.47 or 10% m. x 
Re To find the diſtance. . 
Coſine courſe 67 30“ 9.96561 


LES | 


png * 
9 


2 Prop. diff. lat. 107 2.02938 
W ness 0. 


; | | 0 W ; - 
-; Diſtance 15.83 © 06377 


Oh 54 By the Traverſe Table.” 


With the courſe 229 30 / or 2 points, and diff. long. 69 as 


departure, is found the difference af latitude 467, which is the 
meridional difference of latitude. | 
difference of lat. as has already been ſhewn; and under the 
ſame courſe and againſt the proper difference of lat. the diſtance 


FP 1H0. Se VI 
ExanrPLie'V. Fig 93 
A ſhip in latitude 380 10 / N. ſails 80 miles on a ſoutherly 


courſe, and makes 54 miles eaſting. What courſe has ſne 


ſteered, and what di 


nce of latitude and longitude has ſhe 
made ? A, 


- * 
* 


Solution by, Middle Latitude Sailing. 


4.457 


Conflruftion.. | 1 7 | 12 44 : 


Db the imeridiun NS, and' from a point” C in the ſame, 
draw the parallel of latitude CA to the eaſtward =54 miles the 
caſting. From A, with the diſtance” 80.miles, deſcribe an 


arc cutting NS in D to the northward of C, and join DA. 
The angle CDA will. be the courſe, the line DA the dif- 
tance, and DC the ſouthing or difference of latitude, Whence 


the preſent latitude, and conſequently the middle latitude may 


be found. | 


. 
* 


From A draw AE, making the angle CAE the middle la- 


titude, and interſecting NS in E. 


he line AE will be the 
difference of longitude, . | 


From hence find the proper 
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3421 | 
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w- * Q ” 
l 8 ” 


* 
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— 
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ou — 2 d - - — . ä 2 2 E =] = 
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1 _ LY. þ{ * — / — * _ = a * 
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* 
* — - . 
EI —— r 
<a Ie — 
= 9 Dt — of 


- FROM 


—_— 4 F 


WL Diſtance Fer 1.90509 |-Radius - -- - - 10. 


* 


* 4 - * 
, f * 4 " * R 
gs -Of MERCATOR“ AND 
« N | 1 5 - ; ! 
* 239 7 . 
| * * 1 * 
- a 1 F 


> F \ 1 * 1 * 
4 EY 
0 4 P 


To ind the courſe by plane To find FO difference of latitude 
ſailing. | | by plane ſailing. by 


: Radius „„ |: : Diſtance 80 . 1.90309 
: ; Departure 54 1-73239 | : : Coſi, courſe 47* 337 9. +86798 
12 —ä —-— — 
: bins courſe 429 f, 20 ; Diff lat... 39 1% 
8 —V— 5 Lat. from 38. 10 N. 
ff. . -- 5 -- 
| Preſent lat. „ N. 
To find the dif, lon © — ; 
| * — mid. lat. 520 20/ 9.89849 2 4 oy} 
* 0 eparture 4 1.73239 $— 
2: Radius Tho 10. Mid. lat. 37.40 
. 68.2 7 Co-mid. 10. 120 | 
| Ir 1 08/ E. TIO 4s 
* 3 | A nnen 
b CE By the Troverſe r 


Wich diſtance 80 and de parture 5 F 2 ( the ward in ah table 
to 54) are found courſe 128 and diff. of lat 59.4. And with 
co-middle latitude $22 as courſe, and departure 53.6, is found 
* 68, which 3 is the SEE 1 Poti. 


| 1 p | Solution by Mercator Sailing, Fig. „ e OF 
A a p | 67 80 * 6% 1 ting, : 1 


Conſtruct the triangle DAC as before, and find the preſent 
latitude. From the two latitudes and their correſpondent me- 
ridion e the merigiend! difference of latitude, which 
ſet off from D ſouthward to Draw EB to the eaſtward, 


Een to CA. Continue DA till it e. 1 
45 nen amen angie. 10 


ma. 3 4 1 . 
. i 

5 . in 2 v3 Computation. 

* 


Tie Net latitude and courſe are found by plane failing, 
1 IS has already been done. 


Lat. failed from go 19 N.. Mer. parts 2481 
Lat. come ie 7 * Mere parts oe” 


Mer. dif, at. bs ”5 


% * 
T” To 


ng; 


To 


ap tir 1 | 
FT 1 : * 


$i > 13 


MIDDUE LATITUDE'SAILING. 157 
| To find the difference of longitude. 


Proper diff. lat. 5 ar. co. 8.2289 
: Mer. diff. lat. N wth l yd du 2 A 
2 Departure © / De 54. 2 1.73239 

n 

Diff. OW. 65.6 . t 


my 1 2 as 
* 
» 


a 1 K . a mes 


wich Jiſtance 80, and departure. 4 
and diff, lat. 59 * And under the — 225 with mer. d . 
lat. 75 inſtead of proper Ee me. is $ June. Nos I 68.6 or 
diener of longituds. Hatt | 


13 , % 


7 . 1 
| 1 


EX ANTI A VI. - Fig. 8. 


* 


A ſhip in lat. 299 407. 8. fails 250 miles in the NW. quar- 
ter, and then finds her latitude by obſeryation 26,13 8. Her 
cour ſe, 1. e and 3 of wy: are required to 


be found ? 9 1 
10 Solution: WH | Abe. Latitude ae. 34 1 Vo. 
PO . Aides MW aET TT. 32-8 Por 
er * dank ho 1 13 A . ba N 
, | — £4 4% — 4-4 —— I. 
Sum ; q 4 N . L 35.33 "4 ; Pf 
' ; « : 8 25 — —— * 93 1 / 
Middle lat. 27.56 _ * 
0 N : +a | ; 1 ö f ” — 
4 ent © 62, £25 i : "x * 
r 3. 27 or 50 miley g. 5 
ih ; . «4 ld, . Nr 
Cuonſtruc tis. a3 ON 


Draw the 8 NS, and from a point D in the 
ſet off to the northward DC=207' miles the difference of lad 
tude. From C the latitude come to, draw the parallel of lati- 
tude CA, unlimited towards A weſtward, From D, with the 


diſtance 250 m. deſeribe an arc cutting CA in A. and join DA, 


From A draw the line AE, making the an age © =27* 56 
the middle latitude, and interſecting NS in 
The angle ADN will be the wes, * the line AC the depar- 


dure, 6 OEG IE III 2 


* * == 


— — "Ye þ — —— . ——— En — 2 TE 


— * ——„— 1 


$ 


» 


| tf, »/0N/MERCATORs AND 


41] 7 + walk» | 


OY find 


as 0 — rern 
| pm cel 4039794 
: Radius - - 10, e n jy 
: : Dif, td. < 207 4.31397 "FM ws «i 10. 
5 — — : Diſtance, 250. 2.39794 
: Coſi. ey 54% 9.91803} *:' Sine courſe 34 06/ 9.74868 


| TE . 1 

1 Ng : 4.5 #.. 4 4 . 
F 
. P33. 4 
720 bs 600 511% 0 wr 1140 t : [12 19901 fi? 


"Fo find the difference of loaglinde, & -1\- 
Coſine mid. lat. 62.04 9: 94620 | 


:Radins 14 << 41:16. 7 
3; r. 22 


| VF ” 
en. * * - * n renne an © * 
a 7 ” ” " 8-9 , : 4 | 
1 0. 1 : & j 1 1 N 
Diff. long- 158.6 4.20042 
©1 05 5th; a 92 + 94 aun 3 Dienen & 3 rn 1 
34 4 


By The Traverſe Table. 


With the dne 2 50h and neareſt diff Tat 207.3, is 3 
courſe 34%, and departure, 139.8. And with the co-mid. lat. 
62 as courſe, and departure 139.5, is found diſtance 1 56, 
Which i is the difference of longitüde. |.” 


1 
4 7 


1 | Solution by Mercater's OY Fi 's „96. 
7 7 L LA : 7 . 
Conſtruct the triangle DAC as before. Find the i * Aff 


lat. and ſet it off ee from D to E. Draw Eg to the 
weſtward of E, and parallel to CA. Continue DA till it in- 


terſects EB in B. 
Ez will be the difference of longitude, | 

S081} 5657-4 e . 12 
451 * 5: \* Computation... Baer 74 


4 The re and Aren are found by _ failing 2s 


405 7 Lat. ſailed from 299 40/ * Mer. parts 1865... 
"Jabs come t; A 3 8. Mer. parts 2626 


44 7 * 4 4 Wy wy — 
* Th . * wo £ I'S + I * 
FE * 7 -- ju 
Tc a \ Mer, dig. late 24 
w F Lada $ a 


I 


ibs LATITUDE $AtLING 1 


To find the diff, Mong 
3 Radius 8 — 4 8 , 10. wt bes £4: 
hinting 5 7 po.” 2827 6. x: 1% 
F n lat. 158.4 9 2 : 
mY | * the Traverſe Table. Lots 9 5 * | 


A A 
ö 


LR * departure being found as before, the mer. as, 
lat. 2 34 taken as diff. lat. under the ſame * gives depar- 
ture or difference of 0 I 58. 3 f 


' 


EAA b vn. 


From a port in ut. $3 07! N. a ſhip fails ESE till her de- 
parture becomes 112 miles, It is required to determine the 
diſtance : ſailed and difference of EIN made, 


> 55 199 
| Solution by 22 Latitude gail Fig 97+ | 


Cofruio, 
Draw the meridian NS, and' from. a iat D in the ſame, 


draw DA on a SSE. courſe, Draw the parallel of Jatittide Dz Da 


to the eaſtward 112 miles the departure. Draw likewiſe the 
line aA parallel to NS, and interſectin DA i in A. Through 
A draw. the parallel AC interſe&ing.NS in C. DC will bs 
the difference of latitude, and DA the diſtance. 

Find the latitude come to, and __ the middle la- 
titude. 


2 latitude, * the ſaid line will be the di erence of lon- 
| ** a 


From A draw the line AE, making the angle CAE=the 1 


Can. 


"> ö 


% e Müssen, [AND || | 


_  Computation.. 25 ' 
'To find the diſtance by plane. |. 1 
failing. To find the d nee of bude 
Line coords. 679 30 9.96561 - by'plag 
: Departure 112 HANES | | 
: : Radius RE — : l Radius — — « 10. 
: Diſtance 1 021.2 2.08361 
| +Diftance | 121.2 2. 86 : Coſi, courſe 229 zo/ 9.58284 
ar failed from 530 o7/ N. I: Diff. lat. 46.4 1.66645 
Di. lat. 46 8. 4 
| v— To find the difference of 
14 come to e 1 N. * 1 * F longitude. | 
Som 105.28 x Coſi.m.lat. 7917” ar.co.o 21770 
| — 1 co. 255 . 38277 
N | 37.16 Dif. loog 1 2.26691 
„ the Traverſe Table. | 


With couple 6 points, and diſtance 112 miles, is by I dif, 
of latitude 46.3, and diſtance 121. And with co-mid. lat. 37? 
as courſe, and the ſame departure, is found 186=Difference 
of longirude i in the column of diſtance, FE ER 


4 


Solution by Mercator” 5 vailing, Fi ig, 98. 


| Conftro& the triangle DAC as before, and find the preſent 
latitude. From the two latitudes and their correſpondent meri- 
dional parts, find the meridional difference of latitude, which 
| ſet off to the ſouthward from D to E. Draw EB to the eaſt 
ward from E, and parallel toCA. Continue DA- till it inter- 
Fas EB in B. 

EB will be the difference of longitude. 4 


Computation. | | 1 ft, * 

Tae diſtance and difference of latitude are found by plane 

failing as has already been done; and thence the two latitudes, 
Lat. ſailed from 53 07/ N. Mer. parts 3775 


Lat. come to $2.21 N. Mer. parts 3699 
| Mer. diff, lat. 76 76 


| 
l 


11 ww 


To 


T Tos find the Difference of Longitude. 


Ship's latitude © 306. 20 


* | * 


MID DEE LATITUDE SAILING, 6% 


Ver 9 "Ys 


s» if 


1. Sr ME. at. 46.4" ar to. e 
WE. 4 3-5 e 
.: ; Departure 112. 2.04022 
5 * &%, —̃ͤ — — 
Diff. long. 183.5 2.26358 


a, 


* 


By the Traverſe Table. 1283 r — 


I The difference of latitude au ditanes being found. as befors 


under the courſe 6 parts, the difference of longitude 183.9 is 
found in the departure column under the ſame courſe againſt 


76 the mer, difference of latitude, taken as difference of lati- 


tude. | 


\ 1 
| f 
L 


n &Cda gs. YALL . - On 
A ſhip in 369 20/ ſouth latitude by obſervation, meets ano- 
ther ſhip who had made 210 miles caſting. or departure from 8 
Cape Lagulhas. What is her preſent longitude, and alſa the 
bearing and diſtance of the Cape? Ao : 


| Solution by Middle Latitude Sailing. Fig. 999. 
Cape Lagulhas lat. 340 4408. Long; 209 32''E.. me 
e N * | aun 3 


. 


& Pe # 
. 
% 
* 


i 177 2 : oy v9 *. Faw 
Difference of lat. 1. 36 or 96 miles N. from the ſhip, -:- 


Sum of lat. e 04. C 
Middle lat. 35. 3a 


* 
5 4 
— —— —L—. 


* 


Co- mid lat. g nf nn 012.0 n e nee 
> 0 18 : / 4a "14 : * 1 Ck 
0 54. ® | f l N | 
- 
a N . 1 7 , © W | ö 4 4 ? 
4 g 3 * 23 1 FEY \ — Þ - # #5 


f 1 Tony £ I * | by ba "rs | 
Draw the meridian NS; and from 4 point in the fame D 
ſet off 96 miles to the northward to C. From C draw the 


parallel C A to the weſtward = 210 miles the departure. 


Join Da. 
| We From 


b ef MEREXT ORs AND 


From A draw AE, makin angle CAE Zz; / the 
middle latitude, and Intedfi . . 1 
The line AE will be the difference of Jon itude, the angle 


DA the 3 or n of the. n wall line DA the 
r 426 


——ä —ͤ—ę-— 
ure 23% 2 22 


To find the cours or bearing by To and the diſtance by 1285 
plane ſailing; _. | failing. 

Diff. lat. 96 1.98227 | 228 : 

: Radius 10. 5 "AI * 260 9.95879 

2: Depart. 210 2.32222 — — 4.32222 

b N . 


To find the dierence of longi- | . 

| tude 

Co- fi. mid. lat. 540 28” 9.91050 | Long. Cape Lagulhas 20032/F. 
Radius - age of x Lon long: . rg theCape wa 


: Departure 210 2.32222 — 
— 8540 s longitade 24.80 B. 
e 1 | ape} „ 
= os, * ; ee | k 7 


| e i 
£41 CH: GS a * 0 
Seek Afference of lat. 96, and Sa 210, in the table; ; 
the neareſt found are 97:6 and 209.4, "which'corteſporid With 
655 courſe, and 231 diſtance. Again, with co-middle- lat. 
| 54 as courſe, and 210 departure, is found 260 difference of 


ongitude-in' oli bf-diftagce. - aut 15 
| Solution by Mercater's 5 Selling. Fi ig 708. 
| % | Conftrudiion. 


| Conftrud the einge DAC as before, ſet of the mer. dif 

| lat. to the northward from D to E. Draw EB to the weſt- 
ward from E, and parallel to CA. gn 9A BY it in 
terſects EB in B. 


@ EB. will Py the WG ldd. "OI OT SONS bh 
4 p 0 LES 
e M 2 6 te $71 
$3937 26 42. - 2+.5 zin n 4A} @ of pv 2 7-44 | | I 
I | © 


MIDDLE LATITUDE SALLING. 163 
* þ f * * ; 4 Computation: 5 


"The bearing and diſtance is found by plane failing as 
before 
7 ' Cape Lagulhus, Iat 34 g. . 


2 N lat. 30- 20 1 ö 


* — 
1 


1 * * 


8 * 
1 E t »d 


22 N F er 5 Ps ©; To 237 K 8 1 
Te find the Di B We 
+ % N * + & 1 * 
Te find Nerence of Longitude. 9 0 
4 „„ r. 


enge Proper Af. lat. 3 * . 8.015 | wy 


2 210 o "7 
Js? N 93 

— . - -— : , 1 „ is 
82 &* 4* - *.'v * S + * 5 = 1 £7 . 


: . 
a * 
I L >; 9 + } 1 . , 
81 © 4 Mo - kx 4% 4 K 4 4 o ds 


3 eee n 1 
b | Die 

The and diſtance 9 1 1 
under ee eee, with being fo difference of ay own; is 
found departure or difference of longitude 254. The difference 
in theſe fefults POOR Ines init in the courls being 


* F : * Þ 4 12 
a 1 . * : 
; : T7 +... * * re * . p 1 b . N 1 
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©” OR WORKING DAY's WORKS aT SEA. 
alle. 7; © hp Oh + 5484 +5 | 


; Ang, 64 N „ d 


LA SEA Journal is a regiſter of events which happen at ſea, 


of obſervations by which the ſhip's place is determined, and 
of the reſult of the calculations made from thoſe obſerva- 
tions. | 


The computation of a ſhip's place from the trayerſe made in 
| 24 hours is called a Day's work. 41 „ole . q. + 


2 67 
The journal kept when a ſhip is in port is called: Harbour 
work, In this part of the journal, the day is eſtimated, by the 
Civil reckoning, or from midnight to midnight as on ſhore. 


It contains nothing more than an account of the work done on 


board, and other incidental events, in the relation of which, 

waffen knowledgyv requirede e 
he regiſter of the courſes, diſtances, winds, &c. from 

which the daily computation of a ſhip's py at ſea is made, 


is ealled by mariners the Log. The board on which it js firſt 


Written with chalk is called the Log: Board; the book in 


which it is entered for the uſe of thoſe on board who chuſe to 


copy it, is called the Ships Log-Book 3. and the account. for 


one day is called the Day's Log. | 9 
The computations made from the log are called the Dead 
Reckoning or Account. 8 


For the advantage of comparing the latitude by dead reck 


oning with the latitude by meridional obſervation, it has been 
. found convenient to end the log of the day at noon. So that 


the inſtant of noon ends the day with navigators, is the mid- 
dle point of the day according to the civil reckoning, and is 


the beginning of the day with aſtronomers, as bas been before 


remarked. | | | 

In the Royal Navy, and on board ſhips which belong to the 
Eaſt India Company, the log is hove every hour, but in moſt 
other ſhips it is hove every two hours. This laft circumſtance 
makes no difference in the computations, excepting that the 


diftance run on every courſe, or rate of velocity entered in the 


log-book, muſt be doubled, in working the day's work. 
| The 


METHOD or KEEN A JOURNAL, 


* 
— «s EY 1 At . 2 


is obtained, either by Mercator's or middle; latitude ſailing . 


ſuch as have not leiſure to 1 de this knouledge otherwiſe 


5 


r Working Days Work at Sea. 156g 
work conſiſts in finding from the traverſe run in 
de 24 hours; the courſe, diſtance, difference of latitude, and 
departure made good, from which the difference of longitude 


2 * 


The former part of this work contains all the inſormation ne- 
ceſſary to enable the mariner to do this z butiifpr therſake of 


than by rote, we ſhall give a ſet of! prectpts: mdre! at large. 
— — it will be proper to mention the allowances or 
cortections which are made ———— of , and-fup- 


ed currene. dr 1 
When the wind blows ſidewa 1 den lg that 
part of the wind which ſtrikes ulb and rigging, together 


with a conſiderable part of the force which is exerted on che 
ſails, tends to drive her immedia — — to lee 
ward. But her velocity in the direction of ber ſtem is, in moſt 
caſes, much than her velocity in the directioa of her 


= 


broadſide: Her real-eourſe is between the two directions, and 


the angle formed between the line of her apparent courſes and 


the line ſhe really deſcribes through the water, is termed rather 
improperiy her lee · way. It is not uſual at ſea to regard the lee- 
ercept when cloſe hawled, or as near the wind as the 


way; en 
ſhip will ite. In this caſe it is much the though it 
mayibe worth attention in other caſes. Fhere are manyttir- 


eachſtances which prevent che laying down rules for Ab- 


lowance in theſe refpeRs. The conſfruction af different: heſ 
ſels,” their trim with regard to the nature and quantity of their 
cargo and the poſition and magnitude of the ſails ſet, together 
— the on of the ſea! are all po Thi of-great variation, 
much — 8 — —_ ene 
down by 1 md Dot! as 
= * — is ſuppoſed 2s ks Argon anbeze dip is g 
large; or when cloſe hawled in ſmobth — ihe 
breeze:add:all fails fete rein e aft 
2. Allow one point when the t ant- faila are harided.. 
3. Allow two points when under cloſe reefed topſails, &c.. 


4. Allow" two quran ee mn N eee | 


handed. r e TEL 


———. three points oy a half when. both toplails»ate 


a ates ve Wa 

6. Allow ck points view the fore courſe is handed. 

4 Allow five points when under main-ſail only - 1. 
Allow. fix points when under balanced mixen. 5 

5 8 Allo ſeven * my ey * ma y 
'he 


80 — 


any method being invented for this purpoſe. However, the 


5 


— — — 


A Dhefe allowances may. be of bundle ga work ue he day'; 
works of a Journal which has been neglected * but — 
navigator wilb never be guilty: of: 8 Lee The unhy 


_ curate practical method of Seffimating the * 
tze bearing of the fip's wake as fooqueatly as ——— 
_  necelfary} whiichiwmiaybe conveniently: done by draw- 
jng malt ſeiniooitcle/bnrithe eaffarely with its diameter at 
right|atigles to thefhiply Iongrh, and div iding its circumference 
into points, Se T he angle contained] between the femi-dia- | 
meter which penis iti gau aft, and tliat vyhich points. in the di- 
rection of the fartheſt viſible part of the wake, is the lee · way. 
_ Mhoſe whoaceufbom themſelves to eſti mate parts of the horizon, 
Nn r of che wake within half : 
_ without any aſfiſtanoe. 97g! | a io gg S{ds12L2n09 $ £3; 
ot the'iboſy arid moſt y of bringing 
Into the d is to have a — ſemi-cirtle on the 
affirel pas deſeribed, with a lourtruteb or ſuriuel. in its 
_ Tofiter© Aﬀtes heav ing the. og,” ther line! may be —.— into 
- he'arateh> juſts — it is dun in; and the angle it makes 
2 . . line drawn riglittaſt, will ſhat the lee- 
_ way very-acountely;: which, as a necſſa | 
0 be entered in . apatn> the hon 
vn the o-bourdy: - Aut 21 31 Abd 210 ':: 
© If nere were any method to meaſure the vehaoity a 
rection of thoſe currents which oocafionally/p — 2 
dude y ddt fro agreeing with e by obſervation, 
ly the chief reafon of the —— 
„it Would be hi ruto this; velocity 
5 2 un inde the day 2 — 2 ſuch me-; 
_ thos, and ſtrong veaſons — — 


ng is ſometimes uſ ed.... . 
n — z ſmall boat is hoiſted} out, and is pro- 
vided with a coil - rope, an iron pot, a log-line and log, and 
2 half-miinute gla eh dne apparatus the obſervers row to 
ſome diſtance — ſhip; and faſtening the rope to the 
det iv down-intorithes ſea. as far as the rope will allow, The 
boat, in theſe circumſtances, enerally ſwings round, and 
ndes as if at anchor. | The eee and the 
quantity i it Indicates, is taken wy the A — of the 
curren. " 
. method deſerves very little aflimarion. For. chitthn'only 
de uſed in a calm. there is no proof by which it can be de- 
en ll whether zn ander current moves the * 


oY 


» SS ur 


A 


A8 8 8K 7 


— 
— 


E 37 


ZZ ci too ©. oi fi. ren Be 


— 


con Working Dey Wodke ar be 165 
the boilt;paſs through the waer, or whether the water at the 


furface is moved, or both. Suppoſing a curront at the ſurface, 
it · is evident that the boat, preſenting a much r ſurface of 


reſiſtanoe than the pot, mutt ba tered aldng, not ſo 
ſwiftly, as if the pot wert — let * — — 
tanhot ſhewy the velocity. If this. experiment: gen. 


Here it i is — d — — io a 
which are ſuppoſed. to eniſt at a oonſiderable — ra 
For the direction and) velocity of | tides, &c. near the ſhore, 
may be well — from obſervations made while at an- 


llotage. But the reckoning of a ſhip in theſe circumſtances 
is very different from her reckoning out at ſea. In coaſtin 
navigation no great attention is paid to the courſe and diſtance 
run, becauſe * ſhip's place may be more readily determined 
from the ſoundings and the dearings, and diſtance of the re- 
markable parts of the land : whereas in remote voyages the 
courſes and diſtances run, are the chief data from which her 
place is known. 

There is an allowance or correction of the reckoning, which 
moſt writers dire& to be made on the ſuppoſition of wouny ei- 
ther in the courſe or diſtanee found by the | Thus, 
if the latitude by account differs much from je latitude 


aliſt to alter the diſtance and retain the 
courſe; — the — de near the lel; the eourſe is to be 
altered, and not the diſtanee; 4 if the courſe'be near four 
points, both courſe and diſtance ate to be altered. Theſe cor- 


reQions are at beſt _ better than conjectures without founda- 


tion; for neither the ſteerage nor the heaving-of the log are fo. 
irregularly Apes a on ſhipboard, as to ' correſpond with the 
obſervation on ſome days, and differ *evidently from it on 
others, But this method has never been generally received 
among navi 

ie 
make any allowance or correction of the-dead-reekoning which 


cannot be clearly aſcertained. For this reaſon the correction 


juſt mentioned, and the corrections on account of ſuppoſed 
currents, ought to be abſolutely rejected. The 2 
——— is accurately kept without theſe /corredtions, may 


this difference is a valuable acquifition to the navi ecaufe 


he Knoivys it to be the quantity by which the ſhip has been 


accelerated 


cher un interval of ſome hours! if wagon _ with the | 


chor, and it is very expedient” to. conſider chem in domeſtic | 


38 . — the coutſe be near the meridian, they 


manifeſtly produdive ol bonfuſion and lpconreaiited to 


er fromm che ſhip's true place-at the end of the vopage; but | | 


accelerated or retarded in her e by unknown cauſes, -and 

may reaſonably: expect to find a like difference in runnin 
again over the ſame track: whereas the dead-reckoning which 
has been corrected by allowing for ſuppoſed currents and ima- 
anz ry errors in the courſe and diſtance run, is little, if at all, 
likely to produce a good landfall, than that in which 

theſe allowances are not made; and the-difference between the 
true ſituation of the ſhip at the end of the voyage, and that 
ſhewn by account, is of no uſe, becauſe it is not known he- 
ther it ariſes from external cauſes, or from the allowance made. 
However, it may perhaps be uſeful to keep a ſeparate account 
of the quantity and direction in which errors are , 
ſuppoſed to r 20 dee h ee e 
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MAKE a — table af Gn — —.— — 2 — 
25 . northing, ſouthing. caſting, weſting. 
1 _ Enter every different courſe-as it ſtands in the lo if the 
x has been, going large, but if ſhe has been cloſe: — 
allow the proper quantity of lee - way on each courſe before 
it is entered. Againſt each courſe. place the whole diſtance 
run on that courſe, without regarding whether it has been run 
all at once, or at diſtant intervals of time. 
3. With each courſe and diſtance, find the difference of la· 
5 arch an 2 which place in the columns of northing 
or ſouthing, e or 3 —_ d n in 
which Sth Coe mats 8 won 5 ae 
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3. With che diſferenet᷑ of latitude and departure thus found, 
lee in the table for courſe and diſtance made good, which will 
de in the quarter of the compaſs contained between the names 
of the difference of latitude and departure. N 

6. Correct this courſe by allowing the variation of the com - 
1 t hand of the courſe, if the variation be caſt, 
to the left hand if weſt. en! | 


7. With corrected courſe and diftance made good, ſeek a 


new. difference of latitude: and departure, which will be the 


from the quarter in which the cnurſe is made. "i 
8. If the latitude ſailed ſnom be of the ſame name as the dif- 
ferenge'of latitude, add them together, if not, ſubtract them; 
the ſum or difference will be the preſent latitude, or latitude by 
account, of the ſame name with the greater quanti 


| 9. Take the middle latitude between the laticude failed from. 


and the latitude come to. With this middle latitude as a courſe, 
and the departure as a 
— will be the difference of longitude of the ſame name as 


ure, 1 C27 $031 _— ; 
10. Or otherwiſe to find the difference of longitude. From 
the'table of menidional parts, take the meridional parts for the 


latitude ſailed from, and for the latitude come to by account, 


difference of latitude,” With the corrected courſe made 


and the meridional difference of latitudeas difference of latitude, 
nd the ndent departure, which will be the difference 


of longitude of the ſame name as the departure. 


11. If the longitude ſailed from be of the ſame name as the | 


difference of longitude, add them together, if not, ſubttact 
them ; the ſum or difference will be the preſent longitude, or 
longitude by account, of the ſame name with the greater quan- 


tity. Except only when the longitude thus found exceeds 180˙ 


in which caſe it muſt be taken from 360, and the remainder 
is the Jopgitude of the contrary name to what it would other- 


. wiſe have been. RE | 8 
12. To find the bearing and diſtance of the port of deſtina- 


tion, or of any other place from the ſhip. The latitude and 
longitude of the ſhip being known, find the latitude and lon- 


tude of thi place, by means of the table of places. If the 


titudes be both of the ſame name, ſubtract them, and alſo 
their meridional parts; af of different names, add inftead of 


ſubtracting. The firſt — or ſum will be the mon 
CRIES if 


true difference of Jatitude and departure, and are to be named. 


difference of latitude, find the diſtance, 


ſuhtract them if the latitudes are of like names, but if not add 
them together, the difference or ſum will be the meridional 


- 


— 


— 
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difference of latitude, and the latter difference or ſum will be 
the meridional-difference of latitude. If the longitudes be both 
of the. ſame name, take their difference; but if of different 
names, their ſum, which will be the difference of longitude 
when leſs than 180®, but when more muſt be ſubtracted from 


you to give the difference of longitude. With the meridional 


ifference of latitude, as difference of latitude, and the differ- 


_ © ence of Jongitude in minutes, as departure, find the courſe ; 


and with this courſe and the proper difference of latitude, find 


by the ſame common number, will produce the true diſtance. 


the diſtance. This courſe is the bearing, and the diftance is 
the diſtance of the place as required. Note, If any one or 
more of the numbers be too large to be found in the table, they 
muſt all, except the courſe, be diminiſhed, by dividing them by 
any common number, and the diſtance found being multiplied 


In theſe inſtructions, the mariner is directed to keep a daily 


reckoning of the courſe, diſtance, difference of latitude and 


departure made good, together with the latitude by account, 
latitude by obſervation, difference of longitude and longitude 
in, reckoned from the firſt meridian. Theſe. particulars are 


quite ſufficient for the determination of the ſhip's place. The 


bearing and diftance is ſeldom worked, except when the land 


1 is ſuppoſed to be near. Some havigators keep longitude made, 


inſtead of longitude in. Longitude" made, is the longitude 
reckoned from the meridian of the place from which the de- 


parture was taken. It is equally accurate, but not quite ſo 


convenient in practice, as the other. Some likewiſe keep an 
account of total departure, under the name of meridional diſ- 
tance, which is not applicable to any uſe whatſoever, 

The precepts, number 9 and 10, contain two different 


methods of turning departure \ into difference of longitude. 
Taye firſt is rather the eaſieſt in practice, and is more accurate 
than the other when the courſe is near the eaſt or weſt points of 

the compaſs ; but when the courſe is near the north or 


ſouth points of the compaſs, the latter method is to be pre- 


ferred. - 


Tus (ellowing ſpecimen of u ſel journal Vill \ſuficiently 
"exemplify the foregoing precepts, as it contains almoſt every 


variety of occurrence which can happen with reſpect to the 


15 


courſes, winds; &c. and has been compoſed with a fey alter- 


ations from a journal actually kept at fea, 


ens... nd 


Precepts for Keeping a Journal at Sea. 171 
It is ufual to write a general title to the journal in one of the 
firſt blank leaves. This title may be as follows, 


A Journal of a Voyage from England towards Liſbon. In 
the Ship or ny of London, George Hamilton, Com- 
mander. Kept by Robert Tyrrel, Chief Mate. 5 


The followi explanation of ſome of the terms uſed in 
the journal, will be of uſe to the learner who has never been 
at ſea,, ; + A bor er * » 

AM. P. M. F. T. S. . &c. are the | initial 
letters of abbreviated, words, A. M. and P. M. fiznify fore- 
noon and afternoon. The other abreviations which end 
with the letter 8, denote the names of fails, as fore-topſail, 
" Hayled, her wind—cloſe hawled—upon a wind. Theſe 
terms ſignify, 1 the ſhip's ſails are arranged in ſuch a man- 
ner, that her courſe is as near as poſſible to that point of the 
compaſs from which the wind blows. | . 
Aft or abaft, is towards the ſtern or hinder part of 


*4 1 


th ſhip. Towards or afore, is towards the fore part of the 
"Staboard bgnifies on the right hand, and larboard on the 


ert. 1 ö T- IP Rr 4 "x" 
Starboard tack—larboard tack, When a ſhip is cloſe 
hawled, certain ropes called zacks, which are faſtened to the 
lower-corners of the main and fore-ſails, are hawled forward 
on the weather ſide or ſide next the wind, in which caſe thoſe 
tacks are faid to be on board. When the ſhip is cloſe hawl- 
ed, with the wind on the right hand, ſhe bas her ſtarboard 
tacks on board, and is ſaid to fail on the ſtarboard tack. 
But if the wind be on the left POT in the ſame. manner, 
ſhe has her larboard tacks on board, and is ſaid to fail on the 
To tack—to veer or wear. When a ſhip failing upon a 
wind is made ſuddenly to change her courſe, ſo as to become 
cloſe hawled upon the other tack, ſhe is ſaid to be put about. 
There are two methods of doing this. When the ſhip's head 
is moved towards the wind, and paſſes: the line of its di- 
rection, ſhe is ſaid to tack; but when her head is moved 
in the contrary direction, till the deſired poſition is obtain- 
ed, ſhe is ſaid to veer or wear. There are reaſons for pre- 
| ferring 


Li 


＋ 1 — — W ntete 
* 7 1 _ Pe, _... 
2 


U 
” x —— 2 


172 Precepts for Keeping a Journal at Sea, L 
ferring either of theſe methods reſpectively, according to cir. 
cumſtances i oy, 


Going large. A ſhip is geing large when ſhe is not cloſe 


| hawled, | n 
Lay too, or lie too. A ſhip is ſaid to lie too when her fails are 
. ſo poſited that they counteract each other, by which means ſhe 
t 


is made to remain nearly in the fame place, It is likewiſe uſual 
to ſay a ſhip lays too, or tries, when in a ſevere gale of wind, 
all her fails are furled but one or two. nas 
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3 Harmony from England towards Liſbon. 
KN EK — |Tueſday, — 1 1772. 
3 0 
2 : A pleaſant gale throughoyt 2 doe wea- 
415 | P. M. Peveral Point bore ww; N. di. 
+2 7 | Kant 4 leagues. , 
i 7 « * 44 4 2 P. M. Portland NWA W. . 
„ e e. ek. dift. 6 leaguer, 
918 2 Gar. L ; 
1018 TS ; dy. \ 
11 | W 
FE 54S 4] alt 1b I take my departure from the laſt bearing 
Y : 4 . N of the © Bill of Portland; e its fl 
. 291 * 
EA IE 7 
„ ere Long. 4 W. from the 8 
4 75 8 . 8 Pn | London. 
S164 8 3 8 
17 2 6 44 reefs, ry + 5 * * N p | 
: 2 Wy 28 ba \ —. [Variation of the compaſs 22® weſterly, 
10 TEAMS K 7 : 3 
[LI | 6 \ A a 
paſsl | 3 
77 TM J 1 
Tourſe. _ | Lat, A. t. O. Dicf. 0 Long. in 
T's, 58? "W. 178 SE 125 [I 'No.obs. 132 4 W. 6 a W. 


The Day's Wark, Feb. 18. 1772. 


Ta avrks E Tantr. 


"Lat. failed From 22 f. Ie P, 36 


r ow Pj; 
kites 46 | ER Ge 3 Lat, ac. | .12 N. M. P, 
Swaw.| os | fra] „ M P. 24094 
: 71 9 1 28.5 e diff. long. 193.4 ow a 13' 121.0 
1 | p by mid. lat. 194 35 14% W. 
j 6} jos} | 6 Koss failed from 20 48' W. 
— — — + long. - 3.14. Wo 
148 26.9 [145-3 Loogitad in — 
_ — — A 6. ca. . 
22 W. Variation, 


1 


r — ˖ ty x ö 


— - * q — #4 _ 
— gel So, tne, 4 


— 


t to-day at noon, and by our | day' s run we muſt 
Britiſh Channel, it is not probable we | ſhall ſee 


27 


* 
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FROM ENGLAND TO LISBON. 99 


other of che coaſt- of Eugland. I therefore take my departure from the 
1 e of Portland, The ſhip at that — was in the ſame 


fituorion 36 if the had run from thence on the oppoſite rhumbz for which 
reaſon SWI. or the oppoſite direction to NE; k. is entered as the firſt courſe 
with the diſtance 6 leagues or 18 miles. Tae other courſes in the traverſe table, are 


extracted with their diſtances from the log, beginning from 4 P. M. at the end of 
which hour the bearing was taken, The reſpeRive differences of latitude and de- 


parture are found in table 5. ( directed by precept 3.) The total difference of lati- 


tude and departure is obtained by adding up the columns, correſpondent to which, in 
table 6, is the courſe 8. 80 W. diſt. 148. The variation 240 W. is allowed to the 
left hand of this courſe (according to precept 6.) that is to ſay, the courſe is altered 
22* mort ſoutherly, which gives S. 58% W. for the correCted courſe... With this cor- 
reed courſe, and the diſtance 148 as before, is found 78 true diff. lat. and 125 true 
departure, (according to precept T4 Becauſe the lat. ſailed from==50* 30 N. and the 
nce of latitude 78 or 1 18/8. are of different names, their difference is the la- 
titude by account 49 12! N. (precept 8.) The middle latitude in whole degrees is 50*, 
which taken as a courſe, with the departure 125 as a difference of latitude, gives 
194==3? 14 for the difference of longitude, (precept q.) Or otherwiſe, ſeek in table 
7. the meridional parts to both latitudes, and take the difference=121. then with 
correted courſe 58, and difference of latitade 121, is found 1943.4 departure, which 
is the difference of longitude, (precept 10.) Here it may be noted, that though both 


weſt, gives 6* o W. the longitude in, As we are not yet * ſufficiently out at 


to ſteer a direct coutſe to the place of our deſtination, it is uſeleſs to work the bearing 
and diſtance, | 7 > TM 
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methods are here exemplified, yet it is not neceſſary in practice to uſe more than one 
of them. The diff. long. 3 14% W. being added to the longitude failed from, 4% 14" 


P * ' % j 7 of 
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pb N February 19, 1; | 
1 . . 
| 4 | | * 
„ | 
444 A pleaſant breeze decreafing, with fai 
BET 7 vestber for the moſt part. 
* — 2 | A. M. Unbent the cables and coiled th 
N 7 2 | down in the tier. 
| [4 Tar noon founded and got ground ut $2 f. 
11 | | fhomy large gravel and bage-teqth. 
s | 
.. TIE 1 
„ 1 
* 13 1 © = 1 
[WITS * | 
; þ $12. . 
S 2 | 
\ | $2 x "x . I ot” | 1 3 ; A 
N 244 ; 7 09%: 9 ld 3 , 
; YAO * 1 1 F 175975 | 
5 = : 
Courſe, |Dift.| S. JE | Lat. obs. | Dif. Long. Long. in. 
. . 55* W. $2. 47] le 2 1— —— U 2 44" W. 4 


3 Me 22 7 e 


33 1 


braves rte. vp + os 2 4 wh | a 
my s day's wor n 8 mi- 
3 | D. ] N. | S. * E. 1 lar to that of the foregoing day; and there- 


l 70 1 all 168.9 | fore requires no farther explanation than is 
x = el t 1. 1 already given. 
77 W. 82 7 2 = 79-8 Fs failed from 49® f“ N. M. P. 34004 


22 W. variation. N Diff latitude 47 8. 


S. 55 W. corrected courſe l. by ac. 48.25 N. M. P. 3329.1 
8 —— ö | . — 
47 true ſouthing. $5 Motte diff. 6 103 or 19 . 714 
— 1 * oe _ = 2 or 1 5 — blo 
69 wie welllgot IE 9 gitude failed om * 
. | mY | | Difference long, | | 1:42 Ws | fail 
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Ship Harmony from England towards Lion. 


"Th ariany, — — 


men — 
a - 


0 - | Arles. inds, &c a. f 
TT [Head NW, jCalm, | on . 
\- * 4. Licht variable winds in the firſt VE, | 
| 3 a 8 15 1 weather, middle and Jat- 

- | | „ 
. [wis: sx. | Ow 1 
713 4 | 13. : 
$8} 4 | 3 ; 
g 4 
14 | 
nn :0 8 
12 $ lla t reef F. T. 8 | 
1 : Is. 1 
2 | 7 | 4 WIS. S4W. BY 
EFT 1 3 In ad reefs [4 4.4 
4] 7 . 34 
; 98141 3 
1 ard i 
; 7 Down T. O. yard | 
91 1 Rain i N 
101 2 NW4W. [SW. Out 2d reefs| 0 tos BE 
ny 3 [Variation of the compaſs 20 w. 
12 | 41 his Day at noon the ſhip is 18 miles | 
. ** to the ſouthward of account. 
| __ Courſe. Ditt.j S. 7 . | Lat. Obſ. Di | Long ia. 
[S792 Wl Bo | r 
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Day's Work, Feb. 20, 1772 
st. failed from 48* 4 M 


Differenee lat. 


20. W. variation 
tos correct courſe from north 


w. corteft courſe 
bg diſtance | 


27 true ſouthing A 
$5 true waſting. 


ward of fout 


Travenyn TAnLE. a 
[Tour fee, N. 8. E. | W. 
WIS. neee e. 
WEN, 9 , 
| 9274 2 
1 | „e 
, W. 89. 2.5 39.4 


* 
* 


ſhe could therefore 


— — 


47-52 N. M. P. 3259.6. 


—— 


7 


lere it is to be obſerved, that on the firſt | 
courſe WS, the ip was going large, but at 
M. the havied her wind, lyiag vp 
WSW. On this evurſe one point lee-way is 
allowed, which makes it W6S. Theretore 
the whole run till 1 A.M. is entered in the 
traverſe table on a WSS. courſe. At 1 A.M. 
the wind was ſhifted one point to the weſt- 
no better up than W48, and as it was then 


dlowing ſqually weather, the top-gallaq - ſalli being handed, and two reefs in the top- 


fails 1% 


the cour 


as 


to 


lee-way is allowed, which makes the courſe W 
ng NW 


N. At A. M. 
. the is no longer cloſe hauled, and therefore no lee · way 4s 
allowed, Moſt ſhips will lie within 6 points of the wind, and therefore in p 
2 journal, a thi 
and the courſe 


fing 


is ſuppoſed to be cloſe hauled when the diſtance between the wind 
not exceed 6 pointy, We have allowed the lee - way here by eſti- 


mation, but the practical navigator is again adviſed, not to ſatisfy himfelf by en . 
but to go aft frequently, and obſerve the ſhip's wake, The dead-reekoning js 
ſufficiently erroneous when ſailing upon. a wind, without making ic more ſo by 


zueſſinꝑ, where a little attention may produce a tolerable derree of cerginty. 


The variation being allowed to the left hand of N. $89 W. peoduces a number 
which exceeds 90 the courſe, or the acute angle formed between the meridian and ._ 
the line deſcribed by the ſhip, muſt conſequently lie to the ſouthward, and be reck- 


oned from the ſouth, - The complement to 108“ is ther | 
The latitude ſailed from 4$* 19' N. is yeſterday's letitude by obſervation. 


n 


obvious that the latitude by obſervation is in all caſes to be preferred to the latitos 
by ace unt; the latter being entered in the journal when there is an obſervation, fox 


av other reaſon than to ſhew, how far the d 
| | SER. 


\ 


ead-reckoning agrees with the obſervation, _ 
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THE former parts of this treatiſe contain ſuch branches of 
knowledge as cannot, with propriety, be neglected by him who! | 
ndertakes to conduct à ſhip with ſafety from one remote 
o another. The leiſure which a ſeafaring life affords; ought to 
be an inducement with the young navigator; not only to acquire” 
thoſe; but likewiſe ſuch additional parts of the ſciences as may, 
in any reſpeQ, tend to mature his judgment, or enable him to 
contribute his ſhare towards the improvement of the geography 
diſtant places. It is indeed à reproach to the mariners of 
t Er that While oy iv ry ond ahem ambi-" 
on to excel in every thi ting to the practical manage 
net and e ofa Mp ae Par icky 
n many coaſts. along which ſinips often 
ſal,” there xre many ſtraits through which they paſs, 
which/are ſo far from being known the better in conſequence 
of the experience: of ſo many veſſels, that to this day they are 
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traverſed with the long · boat a- head to take the ſoundings conti- 
nually. This great ene of care in taking 
the bearings with the azimuth compaſs, to à neglect in not 
heaving the log when under way, and obſerving the ſet and 
vetocity-of the tides When at anchor. In fact, H. we conſider 
the improvewents in naval geogra y, we alf find that the 
number of perſons who. have made them, are ſo few, that it is 
hardly at 1 to enumerate their names even from 
memory; dhd t when we reſſect how eaſy it is to make the 
| tions ſor aſcertaining a number of very defire- 
able particulars, we cannot help exceedingly*regretung that 
they are ſo univerſally omitted. A fea journal is ſeldom re- 
garded but as far as it is uſeful in that particular voyage for 
which it is kept; whereas it ought to be made the repohtory 
of facts, regiſtered not'only with that view, but for the future 
advantage of the poſſeſſor and the public; With this latter in- 
tention, all obſervations of latitude, longitude, variation of 
the eompaſs, views of lands, &c, ought to be as frequently 
ad carefully made when me + place is known. * 
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angle correſponds. The interſection of every two lines whoſe 
extremes are marked with the fame letter, iy denote the ſitu- 
ation of the ſtation or object to which, in the rough draught 
that letter belongs. Through or near all the- points of in- 
terſection which repreſent Tation-ftaves, draw a waving line 
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Tv Coaſts are ſhaded off on the land ſide: Houſes, churches, 
trees, &c. on ſhore; are drawn ſmall in their proper (figures. 
In, a proper place of the chart draw a-marinet\s-compalsy to de- 
note the ſit tion of the rhumbs, -&e; and n one ſide of the 
raw a faint half fleur-de dis st- the point of north 
(1: Draw alſo a divided ſcale-of miles or le 
| which taken from the ſame original ſcale as the fakes. 
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; fole the beginner will derive more advantage from viewing a 
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malt is:fufficiedtly(apparent that the cette Berges! the 
two parts of this ſurvey, is preſerved by the ſecond fundamental 
*baſe being drawn fron the point E, whoſe fituation as Vef 
determined by obſervations ſrom the firſt baſe Nne. Ff this 
tirular poſition of the fecond baſe had not deen convenient 
wd hadi been taken at à diſtanee fi eve by poirit detettnined 
im ſituation from the firſt bafe, the A would have re- 
obſervation of he gdf one of che faid points 
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a tie point k 26S cpmter,; deſeribe the ciealy: * the 
diameters ns and we being at right angles to each other, and 
- the meridian ar basale. From n ſet off dend 
equal to the quantity of the variation of the compaſs. 
Draw the diameter NS and the diameter WE at right angles 
to the ſame. Theſe lines will repreſent the no A porter 
Gan and its parallel of latitudde. 
From the center B, draw the firſt baſe Jie BC=812 San 
N. 11%14“ E. ls. From one extremity By draw'the = 
unlimited lines Ba, BI, Bk, Be, Bd, forming . — 
with the baſe the angles odſeryed from thence. | 
other extremity C, draw the unlimited lines Ca, Cl, Cx, Ce, 
Cd, forming ſpectively wich the baſe the angles — 1 
front thence. The intetſections of lines terminated by the 
ſame letter will give the . A, L, K, E, D. Pre- 


. line BO. N. 385 20” E, by. compaſs, and Gi R 
a EP=778 fathom in the fame direction or parallel to it, 
will be the: ſecond baſe line. Prom one el, B, 
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draw the unlimited lines Eh, Ei, Ex, Ef, forming re "ory 
with the baſe the angles obſerved from thence: © From the 
other entremity P, draw the unlimited lines Ph, Pi, Pg, Pf. 
The interſectiems of lines terminated by the ſame letter will 
the Nations H, I, G, F. ene 1 nig 
ear the hi LA D, — wariaj 
or — ine to repreſent the coaſt. "alſo by the help 
of the points 1, K. 2 line to wh the 2 77 
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necefiry to attend on the water. Nothing more, therefore, 
mad be added here, except an elucidation of the method by 
the place at which any obſervation is made may be found on 
= chart. The place of ae or may be determined 
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Don che 00 8 from C. ae the oppotite rhumb 


Nane 
find 1 for ROT reep each of theſe methods; 
but, as the diſtance in the ſecond method is known only 
n we have given the. preference to the firſt in the 

ſent example. All the ſoundings, &c. ate ſuppoſed to be 

aid down. by theſe methods; but, to prevent confuſion and 
= _ lines of ange drawn only from the Points 

an 

From the ſouthern extremity. M 'of- the.reef of rocks which 
runs off the point L, the bearings of the ſtations C and D 
7 "IN by the compals as follows, viz. C, N. 62 E. and B 


Im 8. 62 W. and from C, parallel to the rhumb BR, draw 
the oppoſite rbumb Cm 8. 850 W. Their interſection M will 
be the extremity of the reef of rocks. 

Again, from the Sand head N, the 1 of che Atom 
a K are taken by compaſs as follows =. Ls N. 27 We. 


And 
n the 3 draw the rhomb Bn, N. 178 w. and from L 
arallel to the ſame, draw the oppoſite; Thumb Ln. Draw 
ikewiſe the rhumb BT, N. 5 b. 2 and from K, parallel to the 
. fame, draw the W 5 chumb Kn. The i interleGion of theſe 
wo laſt lines wil be the $and-head. - || 
And the ſituation of the point of land O, hich nes ſo that 
It canhot be ſeen from either of the baſe - lines, is determined 
in like manner from the bearings of L ànd K. Though in 
practice it may have been more condenient to ſettle its place 
u_ en letz aud err hs Ration A. 1165 
25 * N 2 Findeis fa 7? W * 81 
a „dr ee views ur Ms ag abi be taken in i. 
-Formity to precept-6, The art of deſigning is of ſuch 
vantage to every one who viſits remote places, that it well 15 
ſerves to employ a part of that leiſure which a ſeafaring life 
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affords. But they who are unſkilled in this art, and yet de- 


ſirous of enriching theit 3 nals with „Nes uſeful particular, 
need not be diſcouraged pt to make ſketches of 
the lands they come in 177 of. goa or, in 1 thoſe draw- 


_ -ings of lands which are the moſt uſeful, are ſuch aß ate taken 


5 from a great diſtance in the oſſing. Theſe, and indeed almoſt 


every other ſketch of this nature, require no ſhading, as'their 
chief excellence conſiſts in the accuracy of the outline. No, 
any careful and attentive perſon may make this butline as 0 
lows. Draw a ſtrait line upon paper to repreſent the 
| horizan ar edge of the ſea, make a dot in the middle Nu 


line to W it by eſtimation into two equal parts ; ; . 
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the parts in the ſame manner, and repeat this operation as often 

as — be thought neceſſary; look at the land and imagine 

it to be divided in the ſame manner; transfer or copy the out- 

ling of the parts, into which the land was ſuppoſed to be divid- - 

ed to their reſpective correſpondent places on the paper. When 

the outline is thus drawn, mend it by comparing it with the 

land; if it appears very incorrect repeat the whole operation. y 
A very few trials-will render it eaſy, ay if there be any diff 
ficulty in conceiving the land to be divided into parts, it may =; 
be obviated n holdin wy hg up the edge of a divided ruler between 

br e een Where the diviſions 
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in the morning, and three in the afternoon ; but the 
. nearer they are to noon the better; provided there be a ſuffi- 
dient interval between them. The following directions will 
Goes 71 what interval is proper. 
If both obſervations are in the forenoon, the interval of 
between'them muſt not be much leſs than half the diſtance 
2 the firſt obſervation from noon. | 
I both obſervations are in the afternoon, the in irval be- 
. tween them mult not be much leſs than the diſtance of the firſt 
8 2 from noon. 
If one obſervation is in the Wich and the other i in the af- 
ternoon, the interval of time muſt not exceed 41 hours. 
If the ſun's meridian zenith diſtance be conſiderably leſs than 
.;the Jatitude of the place, then the obſervations muff be taken 
rtionably nearer to noon. Thus, if the latitude be 
* 120 le the ſun's meridian zenith diſtance, the firſt of two ob- 


Ti a obſervations muſt be always taken between nine 


* ſervations taken i in the forenoon muſt not be 29115 97 A.M. 


nor 


. e 

* Theſe cautions are 2 from Dr. Maſxelyne's Britiſh Mariaer' 
Guide; and the precepts, together with the greateſt 8 of the 
other matter relating to this problem, are copied from the 3 
almanac for the year 1771, in which work, the curious navi 
will find the moſt extenſive ſet of logarithmic ſolar tables hitherto 
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morning one muſt not 


the ſe 


ridian zenith 


the natural ſine of the leaſt altitu 
their difference, and write it under log. ratio. 
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| n or the firſt of two taken in 


the afternoon muſt not be taken after 14 P. M. nor the ſecond 
after 21 P. M. and if one obſeryation be taken in the forenoon, 
and the other in the afternoon, that in the forenoon muſt not 
de taken. before 91 A. M. nor muſt the interval between that 
and the 1 obſervation. be above 34 hours. If the lati- 
tude be e times the ſun's, meridian; zenith diſtance, the-firſt 
of two obſervation in the forenoon-muſt-not be befare 
zo the ſecond. before 11 A. M. or the firſt of two 

afternbon muſt not be after 1 P.M. nor the ſecond 
after 2 P, M. Or, if one be taken in the forenoon, and the 
other in the afternoon,. that in the morning muſt not be before 
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10 A. M. and the interv⸗ , between. them muſt not be a 

three. hours; If the latitude. be, five times the ſun's. 

Ly diſtance, the firſt, of two obſervations taken in 4 
n. not be before 10% A. M. nor the ſecand before 244 
. or the firſt of two taken in the afternoon mull not be 

I ol P. M. nor the: ſecond after 14 P. M. Or, if one be 


taken; in the, forenoon,; and the other in the.afternoon, 
efore 10 A.M. nor the-interys 


between them be above,24 hours. If. the [latizude be twelve ; 


times the ſun's meridian 2enjth * the firſt of two obſer- - 


fore 14 A. M. or the firſt of two taken in che I-. 
ternoon. muſt not be after o F, M. nor the ſecong after i P. M. 
Or, if one be taken in the forenoon, and the other in the af= _ 
ternoon, the morning one muſt not be before 11 A.M. nor the 
interval between them be above 14 hours. But if the ſun's me- 
tance be ſtill leſt in proportiqm to the latitude, 
it will be nece to take the obſervations ſo much nearer to 
the noon, that the 18 of the hethod "RY be very much. 


8 5 in the f e gu not be before 11 K. M. nor 


diminiſhed. A AIM A; 
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I. To the arith metical complement of the 10 ht coſite 

AS Ka latitude by account, add the arithmetic? mplement 

of the logarithm coſine of the ſun's declination? bg el r ſum + 
the Ratio. 

H. From the natural ſine of the ome! altitude, ſubtradt 

find the logarithm of 


III. With half the elapſed time enter Table 4. and from the ' 


column of + elap. time, take out the logarithm anſwering 


thereto, which is alſo to be ſet down under lo og ratio. j 
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It is ſulliciently correct for common uſe to take the time to 
634 — but if greater accuracy is —_— the er 


ence between the two neareſt arithms m 


IV. Add thefe three ms together; a wich their 
ſans enter the table, in — of mid. time; where 
having found the logarithm neareft thereto, take out the time 

to it, aw <p it down under half the elapſed 
time, - Subtract the le from the greater, their differ- 


4 ence will be the time from noon when the greate#f Hitude was 


V. With ibis tie enter the table; and from the column of 
riſing take out the Logarithm correſponding thereto :' from 
91 m ſubtract the log. ratio, the remainder will be 


1 logurithm of a natural — Ger ich being found in the 


common table of er and added to the dae fine of 
the — win give the tiatural fine of the meridizn 


From 2 altitude of che ſun, the latitude ef che 


miesen tweed eee 

101. So 

. IF-the latitude the above p s ſhould 
Alder widely from the 2 account, it will be proper to 


the operation, 


repeat the latitude laſt found, inſtead of 
= latitude | yy re 


1 the reſult gives 2 nen. 


© 00 


A n ee 


. n J 55 * þ | 5 » Se 1 N j 4 ' Y 16 1 1 
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Being at ſea in the latitude of 4, 29 N jaceount, when 
"hy ſun's declination was 129 at, 10h. A. M. per 


Watch, the ſun's altitude was found 0 0g md Ah. 14 
F. M. A a, equine 
the true * 


< Wa 
1 : * 
: 


8 


FN DU ug 
Times. Altit. Natur. D. M. 


ry” -H.M.S. B. NM. Sines. Lat. . 10 —0. 16880 
—_ 10.24.00, 49.975643, 8. dec. 12. 16—0. oro 
— 855 . — 

. ö 
| 15 tons "—=2.50.00" 75 its logar. —_— 49707 
* time —1. 25. C00, W in col. of x elap. time is 0.44077 a 


ES. 


0.1 5. 00, in n col. « of M. T. correſponding to. wy 


Tims at noon 1.10700 its log. from col, of L. 22 is 3.66842 


De per watch 1. 14. o Ratio 0.198 — 
— 
Watch faſt —0, 7 1 num. of this log. ; 


4 354 nat. ſine of greatelk alt. 


—— ——— — 


sara mer alt; 84. ff — - 81849 nat. ſine of Sun s mer, alt, 


Sun's den. dit. 35 25.187 
Sun's declin. 22.80 North. 


0. the e found by computation wag be relied on 

as the true latitude of the place of obſervation, ſince it 
viffers only one mile from the latitude uſed in the oper- 
ation. 8 


It is hardly neceſſary to obſerve, that by. the ſun's alti- 


corroctions. 


tude is aways * its correct altitude, was 100 for the 


A Li | ' V2 344 
— * — 


_ 0 3 


5 | EXAMPLE l. 


— » 


775 
<A 
Ll 

: 


— - Bring at 8 1 in 50 40“ north W I's account, kd 
the ſun 


declination was 209 oo ſouth, at teh. 17 A. M. 
per Which. the ſun's altitude was found 17 13%, and at ith. 


8 M. per a it was ans TOY: 417: n the 102 
tu 


dre 


5 on Spine Times Alt. Natur. o. M. | 
= K. M.S. B. M. Sines. Reese — . 


2 11.1700 19,4133 


Flap. time — 1.00. ö“ — eee 
Clap. time — 0. J * U Pls * 0.88430 


EG . 100. - = o + = 2; =; ,- 4.72032 


i 


Tief noon o. 31.0 8 — 2.95529 
1 6 . 2 9.22504 


— — 


P 
Natural fine of Sun's mer. alt, =34220=20.01 | = Sun's, alt, 
| | 69.50 ,= Sun's Z. D. 

\ 20. 0 = Sun's dec, 


a 40 185 lat. 

As the latitude, he this cata differs 41 miles from 
that by account, it is proper to repeat the operation, uſing the n 
vlt found latitude inſtead of that by account, D. M. D 


Ind | 49.59 0.19178 


e | | 3 | 20.00—=0.92701 
, . I Ba th ER TY 88 
„ e een 214 5 
AElap. time — o. 30. 00 i ; | 
\ FRY ” 1. 00. oo | — : * \ 5 - e — 4+ 71407 
„ | r — 
0.0. oo — - - 2 3 the 
ws. 6-0 A 
Watch how — 6.1300 any onde 1s 29130 2 
WH. Trot on 11133 
el adi M e * — DiM-r: A has 
199=20.00 pn 
* 99 — \ Þ coſi 
70. 20 = Sun's zen. dift. 4 
e 20.00 = Sun's declina. = 
50,00=lat. 


The . 


ISIS eri 


» * 


1 


f 


8 


e 


The latitude laſt found, differing only one mile from that 
uſed in the operation, may be relied on as the true latitude. 
le is evident that the operation is repeated with very little ad- 


ditional trouble, but ſew alterations being neceſſary,  _ 
. a : 55 | oa LP; 7 ut 8 n %% ec 
Mannen - IL 075 


"Being at ſea in the latitude of 609 o/ north, by account, 
when the ſun was in the equator, and, conſequently had na 
declination, at Ih. o“ P.M. per watch, his altitude was 28* 
53/, and at 3h. o/ P. M. per watch, it was 20? 42“: requi 

the true latitude,  _ oO Set oi bart 


* 
8 


i. e 
Wise Lat. 60.00=0.30103 
H. M. S D. M. Sun's dec, 00,00=0,00000 
1.00.00 28.53=48303 - — 

23000. 00 20.42 23534 Log. ratio = 0.30103 


. 


A + 


— —— 


77; gee ol ime, GAS -- 
n FF 3% 3 WS i ; ' : ü 1 n. — ; 
IElap. time — „„ =" 11", 9 TNT 4 0.58700 


3 ; ri n 
Time from noon 1.00.00 '-= = * 383343 
De per watch — 100,00 Log. ratio=0,30103 


„ * range ies 7 
En? Se e 
by | - _ 50006=30.00=Sun's merid. altit. 
e e 2 60.00 latitude. ' _ 44 


Here the latitude by computation comes out the fame with 
the latitude ” account, which ſhews that the latitude by ac- 
cotnt was right. From the foregoing examples it is plain that 
the operation is the ſame, whether the ſurr hath north or ſauth _ 
declination; and it will be the ſame whether the fnip is in 
north or ſouth latitude, It is alſo clear, that when the ſun 


has no declination, the arithmetical” complement of the log, 
coline of the latitude is the log. ratio 


Hitherto it has been ſuppoſed that both khe altitudes were 
taken at the fame place or een but as chat can ſeldom 
the caſe at ſea, the neceſſary correction for any; alteration 
of ſtation may * 1 ene oh 


Ee „ END * 
** 8 at the inſtant of the Grſt obſer- 
FD. * taken — compals (which call Sun's Bearing ;) and 


- prhen the ſecond obſeryation is taken, find bow far the ſhip 
hath gone, in the time between the obſervations, towards, or 


farther from, chat point of the horizon in which the ſhip was 


found at the firſt obſeryation. This quantity, added to the 
ficlt obſerved altitude, if the ſhip hath moved towards the 
aforeſaid point, or ſubtracted from the firſt altitude, if the ſhip 
hath gone farther from the ſaid point, will reduce the firſt al. 
itulle to what it would have wo found, if obſerved at the 
ſame ſtation where the ſecond altitude was taken, - 

uus fuppoſe that when the ſun bore SEZE, by compaſs, 
bis altitude was obſerved 18* 27; and three hour after, it 
was obſerved 38 23 the ſhip in the mean time having gone 
SEE. «by compaſs at the rate of fix, knats per hour: required 
what che firſt altitude would have been found, if it had been 


obſerved at the ſame ſtation with the ſecond altitude. 


lere che ſhip's courſe being directly towards that point of 
- _ the borizon the ſun bore on when the firſt altitude was taken, 
the whole diſtance run between the obſervations, vis. 18 miles, 
muſt: de added to the firſt altitude, which will bring it to 
What it would have been found if obſerved at the ſtation 
where the ſecond altitude was taken. So that the two alti- 

= "tudes = 2 the latitude of the laſt dation will be 4845 


— the ſhip's courſe been NW:W. bor dire, from the 
int that the ſun bore on at the time of the firſt obſervation, 
. caſe the 18 miles muſt have been ſubtracted from the 
IS obſerved altitude. - ; | 
* Iden the Ship's courſe makes an acut ot obtuſe angle with 
Sun's bearing, the diſtance * towards, or from, that 
Point of the tharizon may be teadily found by help of the table 
ol difference of latitude and departure. 
Thus, ſuppoſe that when the ſun bare SEA, by 
his altitude was 26 500; and after lalling 18 wileſ on a — 
.courlſe by compaſs, bis altitude was; . 40/ : required what 
| the firſt ſouls would have been, i e the fan 
: . re the laſt altitude was taken. 


ere the ſhip's cauyſe- wrong I A 9 of N de or 
2 5 45* — ea heating, Fad 15 7 art 
latitude and Py what the difference o pts 


— EP OY a ww ao 


©. 


ES UI -: 


" — 
«©: 


> > S$SSIS 060 
Wa fe finding the latitude of the ſecond Bition me 27% og 
"Pp Had the ſhip's courſe been north, or three points from the 
* Wl point'opy to the ſun's bearitig, in that caſe the 15, miles 
528 muſt have been fubtradte# from the firft altitude. ©, 
the When the ſhip's courſe js at right angles to the ſun's bear- 

ge. or eight points from. ; in that caſe there is n cer, 
hip 33 noſe Bin maik | \". 
1 Example: Suppoſe a ſhip failing 7 knots pe r, on an 
the EIS. courſe, b coldputd. de - 3 The: watch 
obſerved the ſun's altitude 17 33“ bearing 8E RE. by compaſs, 
and ar ob. 5% 10, PM. ger watch obſerved: the fan's . 
tude 216 55: required. the latitude of the ip wheo the lat 
atitude Was taken, the latitude by account being then 47 34” 
8 5 e . 

be ſhip's courſe makes, an angſe o 64 points with the ſun's | 
bearing, and the diftance run between the obſervations is 21 
miles; . therefore from the table of difference of latitude and 
departure, take out the difference of latitude anſwering to that 
courſe and diſtance, Which is miles, to be added to the firſt - = 
odſerved"altitude, the ſhip having gone ſo much towards: 85 | 
dint of the horizon that the ſun then bore on 3 ſo the two al- 
titudes to be uſed for finding the latitude of the lafk ftation are 
n | > nog 41h, RIES 
£Y | * ce 1 D. M. f Th * i n. + 
Ital. 19.33 . „ 
N i | | — ines. e e * 


ee, ee 45 (2 1; ors * 
193 10 4 * 0.3819... ö 0 | 


% 7 ” 
4 +4 


" | — — — 
F r 
. 8 4 ; * 5 3 : 4 42 2 | 
:Elap. time 1.2920 5 25 * -. ai r 0.41945 
q J))7%ͤ T0 
N * 17 — | 4 + 1 => 7 1 q #36 3s $4 | 


| Time fr. noon 0.56,00 5 TS . - 347282 
D' per waßeh o. 54. i100 8.9 


r 108 = = TT 
„ and Natural Hne of greateſt altitude 37 326 1 Ms OE IS 15 
py Natural fine of ſun's merid. alt, 3921822 3.05 Subs M. A. I 

| 55 > #3 n le Ic 
of . SS . 66.55 Sun's Z. D. 
1 | MEE: 19.30 Sun's Dec. 


+ 


— — 


4 . I 
e #4 -- * 
5 = pq 4% * ” 
* 8 7 oF 2 Lat. 
- 44 4 * — 
- *z 1 % ” 
4 . k i * * ” D 4 2 % 
; - * . a, . 
. 50 6 1 0 
8 5 * P SF 5 
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APPENDIX 
Had the variation of the compaſs been applied both to the, 

| SON and fun's bearing, it would not have made any 
difference in the operation or reſult, as the angle formed by 
them will de the ſame, whether they are both eſtimated by 


compaſs, or when the variation is allowed in both. © 


1 


* 


* ” 
I 52 £3 A +: A fs g 3 3,4 e « 4 4 oh 
9 . F / . 2 1 f * * * 8 3 4 * . 1 ö 4 
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TER METHOD OF +FINDING THE LONG: 
+ TUDE FROM. THE . OBSERVATION OF THE 

- ANGULAR: DISTANCE + BETWEEN TIE 
© MOON AND THE SUN OR A FIXED 


Fo ＋. 5 * 
— — 0 ** 
1 1 k K 
„STAR. F ene 4 
l . 1 5 'S 4 5 1 ; 14 1 1. — _—_ N " * Tz s * 4 44 Y Pr 
$ *# AF. £2 LES... | 4 ms 


IN Chap, vi. ſe&; 1. book r. of the preſent work, the ſeve- 

IX nal methods of diſcovering. the longitude are conciſely ex · 

plained. © It was not originally intended to add any thing more 

to what is already faid in that place; but, he opinion of a 

gentleman whoſe experience and cv of the ſubject de- 

_ - minds reſpect, has induced the author th dener the preſent 

4 : be | 4 2 CR A r Ap 
The angular motion of the moon being v ry much greater 
AM a any other celeſtial body, is 94 3 Ar the ob- 
fſebvation of its place is much better adapted to diſcover ſmall 
differences of time, than like obſcrvations made with any other 

92 bow The only gobd practical method of obſerving its place WM | 
at ſea; is that of meaſuring the angular diflance between it and 
the ſun, or a fixed-ſtar. , This being done, it is plain, if by 
" means of an ephetneris, the time at Greenwich correſponding 
weich the obſerved diſtance, be found, the time at the place of 
 6bſervation being likewiſe known, that the difference between 
theſe two times, being turned into degrees and minutes, will 
zive the difference of longitude between Greenwiph, and the 

Place oF obſer vation. n n 

The calculations in the ephemeris being ſuppoſed to be ac - 
cutate, the chief difficulty of this method will conſiſt in find- 
ing the corrections neceſiary to be applied to the obſerved diſ- 
tance, in order to give the true diſtance as it would appear if 
b dhſeryed from the center of the earth. For, ſince the altitude 


6 ». + 
8 
* - 


* f NEN D e * 
gel every celeſtial | not in the zenith; is rendered ap 
greater by the refractory power of the atmoſphere, A wt wn 
ed p. 99.) and is likewiſe apparently diminiſhed by the pa- 
rallax, as we ſha]! proceed to ew: it can ſcarcely eyer hap- 
| pen that the obſetved Nuanner ſhall be equal. to he true dit, 
tance.. 1 
; PTD explain the nature. . ee 1 EO, f fl wt | » 
3 plate 3. repre ſeht a fection of the earth, C its "center fs, the 
zenith, O the Place of the obſerver, O1 the ſenſible hori | 
and Ci the rational horizon, © Let M repreſent the moon, ap- 
parently in the horizon and. it will, be evident, that ſts f 
altitude,” when beheld rom the venter Cc will be meaſured by | 
the angle MCH. This angle is called the 1 moon's horizo: 
aw)}ax.., Again, let m repreſent the moon above the horizon, 
ut not in the zenith, Its apparent altitude will be-meaſur 
by the angle mOM; but its real altitude from the center fol 
will be meafure by the angle mCH. This angle is called | 
moon's parallax in altitude. Parallax, 8 defined, 
che angle or arc” which meaſures that difference of appaten 
ſituation of a body in.the  heavens,,. which ariſes 8 2 change 
a of tuation in the REY | 
5 "If MC=mC be taken zs radius, and Ep be 2 4 pe perpen dic ular 
by ſet fall 'upon'mO continued ; CO will be the fine 40 770 ita 
A tate, parallax, and P Will be the ſine of the 1753 ax APs 
g il 
at 


AR. 1 


: bY” OTST er Þ© 


ude,.._ But, if CO be taken as radius,” CP will be the fine of 
the angle COP=the angle m 5 on the 2 apparent zenith di . 
tance. Whenee it follows, that radius : fine of apparent Zo 


nith Jiftance : : fine of hotizontal parallax.: fine of parallax in 

I altitude. And, becauſe the moon's horizontal ace ax ſcate. 
„when greateſt, exceeds a degree, and the ſines of angle 

64 under that quantit 90 not 2 differ from th their ar 

4 it may nfs aid jus: ſine app, zen. iſtance : 55 hor, Paralla 
ar, in alt. | c 

by ze very great diſtance of the fixed ſtars renders their” pa- 

* rallax abſolutely infenſible, and the horizontal parallax 


5 0 being about 87 ſeconds, is ſeldom conſidered. [fp 

ractice. 

w f Becauſe the quantities of refraftion and parallax depend. on 
the altitude, it is neceſſary, in order to obtain their uantitſes, 

that the altitudes of both the heavenly bodies mould be hes 

4. at the ſame time that their angular diſtance is meaſured, A ſex 

if of obſervations cannot, therefore, be well made by à leſs number 


if than enen er en e oth eee 


8 


b 6 » ( + | * ; 
E , 
pf 12 * | 2 . 9 0 N | WT 7; 


eil «bſervations, i "4 335 Caſes where 


With it. In this caſe Allo, the welle defined edge of 


„ E * 5 * 
MI d l Hifi Oi. ö 


onyeniently done by taking one or more altitudes 
cf thi fon, Rp: os the Ute by '2 good wateb. From each 
1 a You . compute. the tine: ; the difference between 
th  corfelhondent time note by by the watch, will 

h is faſt or flow... 
it be had, is much 
10 de l to. a fingle abſeryation. F boſe beſt time 10 take 
the ſon's altitode for the ſolution of 25 problem, is When its 


. ag chanzts quickeſt ; and this is CO 0 or 


: Secondly To take the obſerration of diſlance. The three 
ervers being in readineſs, with their A 45 er 

- ed, according to the directions Lp a A 

my "being either ſuſpended near one of the ates or ve 


e much the 


o the hands of a Fourth N appointed to note the time; 


two of the obſervers, moſt take the altitudes, while the 5 
men fures the diſtance. Wich reſpeck to the altitudes, not 
need be remarked in this place, but that in all caſes 8 —.— 
6x Exterior Wed edge or limb of the, moon muſt. be 
brought to the horizon, Whether that edge be the upper ot 
2 limb, In meaſuring the diftance, he molt obſcure, of 
bat lumino 2 of the two object muſt be viewed directiy, and 
the other pe be brought by reflection into apparent contact 
moon 
. thuſt Always be made ue of fot the contact, even though it 
rede neceſlaty, for that 7 a to make the feſlected 
age paſs beyond the other. In the night time it will be found 
0 geous to turn down one or more of the green ſcreens 
order to take off the glare of the moon, which would other- 
N. revent the ſtar. from bring diſtinQly ſeen, As ſoon as 
ae of diſtance has ſettled his inſtrument to the re- 
qui angle, he muſt give notice to his afliftants, who imme- 
iately read off the reſpective altitudes from theit quadrants, at 
fame inſtant that the fourth obſerver, or one of the three, 
previouſly ſettles, notes the time by the watch. four 
particulars being Written down with expedition, the ſame ob- 
vations art again to be repeated in the ſame manner, and the 
ſetts ref ns we ap written beneath the others. After fix or 


eh ſets have been made, the mean of the whole muſt be 


taken, from whence the longitude is to be found by compu- 
vp Sk | SY | - 75 


At. Toki iſe ps time at the "I EY" Oy 


he mean of be 


Pg 


APTPENDLL 1 


1 | To make the raquifie Computation. 


. To find the eee 
titude e 
known. 


abe If the latitulle and the fan's declination „ 
ſame name, take the declination from go“; but if the latitude 
and ſun's declination be of different names, add the deelina- 
: ”_ * This difference ar. ſum is the . pe: di- 


Find the co-latitude and the FIR RE 
Add into one ſam, the polar:diſtance; ca- latitude, and 15 
altitude. Take half the = Find the difference 6. ha tr — 
half ſum and the co-altitude. 

Add into one ſum, the arithmetical complement of the log. 
ſine of the polar diſtance, the arithmetical complement of the 
log. Line of the co-latitude, the log. fine of the half ſum, '#] 
and the lag. fine of the difference. Take half this "ia 

This laſt half ſum is the co- _ of an angle, which ws - 
doubled, is the ſun's horary wy =» "The horary angle turn | 
into time, (ſee p. 106.) is rhe diſtance of che inftant of obſer- - 

vation from noon, If the fun be riſing, or in the eaſt, take 
this portion of time from twelve hours, and the remainder.is 
the time of obſervation; "Bur if the ſun vs 1 in the ie well, the par- 
tion . is the time of obſervation.” | 


\gxamerin” 1. 


| At aritute 44* 7, N. the Altitude of che Turs Tower Tn 
was obſerved, June 15 1774, in the 1 to Nd 
#24" Time by watch 6 h. Þ m. Helgh 1 4 
the water 28 feet. hate the time e 


Jan's eee N Nei 
+ Semi. diam 9 and reftae. WE + | | 
' :  CaneQalt, . „ | 
3 r 
2 0 itu 0 8 77 $0 | 
Latitude 44? 127 N. 
"Re 4 | "+04 LORE 
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re Rat ; 

1 — 


SY | \ 
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15 05 | 


7%: 40 4 . 


W ſine th Sa 
car. fine 4453 
- 2 #2 & 1 


9 99973 
Wr ee 
Sum 1972287 
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8 i Ee 
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» , * 


43* 2 23 / co-ſine 9.86143 
| Doubled i» 86:jb=borary angle. | 


wa: POE " te zh. 47% Kea Hom. n. noon, 


Sali>-5h. 47 K b. 12 


. 
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115 Fase watc 


6"=the time. | 
© % © 


. 6. 12. 56. 
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4 
| 4. 56. 1 * 
pI the 7s 4 $ n 
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397 Ns Fr a * Dl 9 A 155 = 
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zu. 40 
cker ef th the watch ? 


- 3 1710 9.4K 


Sun's Altitude 1: L 1 


* 


bur altitude corre.” 


| Co-altitude 
Latitude 


deni. diam. —and TE and ref, 
5 , 


78. che altitude of the ſun's lower mb 
18, 1780, P. M. to be 25 10“. 
Height of = Mb: 20 feet, "Require we 


Time 


1 a» 


W ; 


* 1 . 
=y Auguſt 
3 uguſt 


Wr wn he. oe tate 


q 1 1 


1 


. &- 


"KATTASDTT.. 209 
" Auguſt 28, 1780, ſun's declin. 12% $2” VW. 


927 


; 900. H dec. =ſun's polar diſt. 1032. 52 
; dn .. . 1020 527 r ſine corn ; 
- Co-lat. 560. 53 co-ar. line o. 05867 
8 685. 4 98 
% e eee 
Sum co · alt. diff. ' 48. 32 3 Sine 9.87466 
4 : : : — "= = 
$643) C „ 
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Doubled 53. 42=horary angle ; 

Now 360: 24h.;: 53% 42“; zh. 34/ 48// 

| Time by watch gh. 40/ 
Apparent time 3. 34+ 48. 


” Watch faſt . | 5. 12. 5 
| There are a great number of compendiums for obtaining the 


correct diſtance of the moon from the ſun or a fixed ſtar, when 
the obſerved diſtance and altitudes of the two bodies are given. 
The beſt of theſe may be found in the Tables nere te be wſed 
with the Nautical Ephemeris, and in the Nauti 
1772, But as the uſual methods by ſpherical ttigonometry are 
nearly as conciſe, and one of them admits of a very accurate 


ſolution by Gunter's ſcale, it is thought proper to explain that 


method in this place, in preference to any other. | | 
The three ſides of a ſpherical triangle being given, namely, 
the diſtance between two heaven] bodies and their zenith dif- 
tances, it is required to find the th 

are changed in length, the angle contained between thoſe ſides 
remaining unaltered. The moſt accurate method in theory of 
doing this, is to find the angle at the zenith by cemputation 
from the obſerved ſides, and afterwards correct the zenith dif- 
tances, and from theſe two corrected fides and the included 
angle, find the correct diſtance or third fide. But the extreme 
accuracy and rigor required in every part of this computation, 
renders it too laborious for thoſe who 


E e manage- 


ird ſide when two of the ſides 


are not practiſed in the 


Ephemeris for . 
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nagement of theſe operations. For which ee levis 
method is to be preferred; being equivalent in labour to two 
azimuths and three amplitudes. log e cru ip tor ood! 
This method which is exemplified here chiefly on account of 

the facility with which the whole proceſs may be performed on 


Qunter's ſcale, is not — accurate; It is founded on the 


ſuppoſition, that if a Z (fig. 105. plate 3.) be the apparent 
zenith diſtance of an 3 body, AZ 5 — — diſ- 
tance, aB its apparent angular diſtance from another heavenly 
body B, and AB its correct angular diſtance from the ſame; 
and a perpendicular Ap be let fall from the real plate A upon 
the apparent diſtance aB, prolonged if neceſſary; the portion 
ap, or baſe of the right angled triangle Apa, will be the error 
or difference between the appatent and true diſtances which 
ariſes from the error of ee Aa. This ſuppoſition is very 
near the truth when the triangle Apa is ſmall. In the preſent 
inſtance, the inaccuracy of the reſult is ſearcely ever equal to 
the errors of obſervation. This inaccuraey is greater the lefs 
the moon's altitude, the lefs the ter vel diſtance, and che 
b e e ee n 


ets n v0? 16 1380 


i oa oo - 
The dal diftantt of the | center of the moon m "the 10 n the 


-—_ or a fixed ſtar, together with their reſhettive a apparent alt alti- 
duden, to find th+ torreft diſtance as i would 27 Pear 4 beheld 27 
the d, of the an. | 1 0 


Solution. 1. Find the 0 e6-aliftudes. Place eats 
mack other, the apparent diſtance, the ſun or ſtar's co-altitude, 
and the moon's co-altitude, Find their ſum and half ſum. 
And alſo the difference between the \half-ſum and the ſun or 
Nar's co- altitude. Add together the cv-ar. log. fine of, the ap- 
parent diſtance, the co-ar. log. ſine of the moon's co-altitude, 
and the log.” fines of the half-ſum andof the difference. Halve 
this ſum, and the half will be the log. co-ſine of an angle, 
which being doubled, gives the angle at the moon. 
2. Find, as before, the ſum and half-fum of che pare 
diſtance, the moon's do- altitude; and the Tun or ſtar's co-alti- 
tude, Find alſo the difference between the half-fum and the 
moon's to-altitude. Add together the co-ar. 7 ſine of the 
apparent diſtance, the co- ar. log, ſine of the or ſtar's co- 
altitude, and the log. ſines of the halt · ſum and of the difference. 
Halve this ſum; and the half will be the log. co-titte of an 
* W being — — 3 vr ages "The 
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3. Then ſay, Radius : co- ine moon's alt. 2: * horizontal 
parallax: parallax in altitude. From the parallax in altitude take 
the refraction (found in table .) correſponding to the moon's 


Altitude. The remainder is the error of the moon's altitude. 


*. Radius v co · fine-of angle at the moon :: error of the 
moon's altitude : firſt error in diſtance. Which is additive to 
the apparent diſtance, if the angle: at the. moon be rand but 
iſe ſubtractive. {4446 DIY P 
56. Radius: co- ſine of angle at al 8 or Ae ae 
rang to the ſun or ftar's altitude: fecand error in. dif< 

"Whick is additive to the apparent diſtance if i. _ 


at a che fun or. ſtar be acute, but otherwiſe ſubiraQive,”' 
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* ls, Solution of the ſame Problem by Gunters + Gaal 
1. Find. the half-ſur and flifſarence as W if of the 
7 5 ſolution. Then fay, 

adius: fine apparent Aae :: fine moon's: zenith dif 


fourth fine, 

And fourth fine : ſine half. fans fine difference: oat 
Immediately oppoſite to which, on the line of verſed fines, is 
* angle at the moon. 

2. Find the balf-ſum and difference as lire dted 5.2. of the 
— ſolution. Tben ſa 

Radius : fine a wats ex RY : fine; ſun. or aun eth 

diſtance : fourth fi + 455g 


en fours inthe e t ere e Ms - 


angle. Immediately oppoſite to which, on the line of verſed 
fines, is the angle at hs ſun or ſtar. 


3. The other proportions are given in $$ 3 A 25 of the mu 
meral ſolution. 70 fe 
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Obſervation. | 


VP Seek, in te Nautical Ephemeris, on the da of the 


kor the two computed diſtances neareſt the diſtance. W | 
* en: | | 1 Ga - Find 
e The moon * horjzoncal parallax is Fond in * Nautica Ephe- 


meris againſt the day of the month. Every other element uſed in 


this computation, beßdes the obſerFed angles, ought to be taken 
from that work. 


I, is convenient in theſe ſmall angles of parallax or refraQtion, to 
turn the ſeconds i 1 — decimal parts of minutes by the analogy. As 


60 ſec.: 1 min. od pgs number of ſeconds, with one or more de- 
the decimal required, 
The Ganter's Scale beſt adapted for the ſolution of this ad 


moſt other problems, is made by Nairne and Blunt, in Cornhill, 


London. This ſcale has a ſlider, and is equivalent to a table of 10. 


terichms carriod to three you of . belides the index, 
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fe between the dex Aftaneee/iwhith- 
call tis Fiffefetice!” ——— between 
the' earfieRt of. the. two diſtanetes and the correct 
obſerved ages, Which call the ſecond difference Then 
As the firſt di fferenee: ſecond difference r 3 hours por- 
pm bn ey Hith addet to the time of che Rrſt: of the cw 
ndiſtances gives the apparent time at Greenwich. 


eee dee ee e the time by watch being 


urned 2 degrees and —— is the difference of longitude. 
the time at Gteenwich preceede or is earlier than tlie obſer- 


ved time, 0 niet lingitude in eafty"if otherwiſe weſt, I an, 
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5 n 43. 55. aal SEE N ſ 
1 ba 4 Ji = 21. 6. 81% 9% - 
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Hul gib 901 bas 8d Rum ton b imo ods; b Sh nis 
.4\:Thegoing-of the watch-muſt de aſcertained from the com · 
putation of the time from one or more altitudes of the ſun, ac - 
vording to problem 1. of this chapter, By ſuch an obſervation 
- acthere( it co be knowny that the watch is 23 m. 9 
_tbarfaſk. 11 hexcfore, 4h. go! Ke 20% 385 e. 
thecappareatitime of the obſer vation 

Aon to the Erreger for eating ae 
it Willqhe meceſſary to reduce _— al obſervations. to tl 
centers of the ſun and maon. e in the Eph 22 for 
ſemi-diameters of the ſun and anne ey, or the mY ax rw 
Tha ſemi· diameter of the ſun i is Gans to be Wor and * 


flronomftal due, in Which A is ett es, 
E from & w 44. * at 1 13 he * _ 
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IN EN DI wn 
auer :for; noon at Greenwich, i815 and for- 
beNew the difference of Tris ener 


of Greenwich, is about an hout; Which added to 
—— timo 4 hours, makes 37 hours for the time roughly 


eſtimated for (Greenwich. The difference of t 
diameter for 1a haue, is 6 eee. 1ah, z 
Whighous the ſemi-dinmeter is decreafing, muſt be taken from 
an and, eaves 15/1949 for: the moon' 's ſemi-diameter at 
ti dr ,2953UATN K £997H9h 0 S 
. 1 8 enge, ſeen — 1 of 
the ear Rt it is evident r S «4 
plate 3. that the moon is hea the obſerver at O the Ew 
its altitude, the line Om be ein than. OM, its ſemi-dia- 
meter muſt, ure by 4» } A the ſame time. The par- 
ti le to 17 9 a, yeral altitudes i! is Fay in the note ®. 
18 5 increaſe ariſing from the moon” s 
ns, od" cee Tea po, ring l 
To whe. the eee the ritdier” limbs of the 


ſun and moon to the n TR diſtance of their centers, the | 
ſerni-diarne! . coffe uMmin N That is 939 
{ 27%þ164.2" +1535 =74* 1 N N apparent diftance | 


the ſun and moonꝰs centers. £2 

To'findthe apparent altitude of the f ſun 5-centery the lower 
limb — theo ſemi⸗ diameter muſt be added, and the 
dip. of the horizon ſubtracted. That is 22% 3/.+ 16/—4/ 0 

15 =the apparent altitude of the fun: it not being e 
in the altitudes to proceed rr — 

To find the apparent altitude of the the lower limb 
being uſed, the ſemi-diameter muſt be added, nd the dip. ſub- 
tried; That ing '809 41/ 4 16/=—4/22$0%53/= the app. alt. 
of the moon 290031915. 970fm 10 200 non 1 
In be manher as wertende n ladies uns found for 
* A*. 3 ſo ul for muſt the horizontal : parallax, 

al: parallax at non is 50 fs dnd ot mid- 
ni wth £ Wi . difference being 27 |: "22h. : 
5 Tf 11% which, ſubtracted from 36 14", becauſe the 

is decreaſing; leaves 560 157 for the horizontal parallax 
he no of odlevmions Ae wart in minutes and de- 
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* 2 Gocbnd error in dif, = #2/.317 0.3648 
Which is more, en 
Naw 6” +3) =6" 22 2" 19" and 2 317=2/ 19" 


Whence app if, 74 167 s 220 12%+2/ 19%=74* 11; 


59 on diſtance. 


By Mr. Lyons Compendium the correct diſt, cores out 70 
117 38 and by Mr. Dunthorne's Compendium it Eee 


See ables requilite to be uſed 2 the e emeris, 
F. 159+ & 
D. * Enns wed by — "Ig 
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differences found, as directed FF 1, 2. of the 892 ſolution. 
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Mag 5 3h F 
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„ error of We . 2 2=2/ 19” 12. Fo 5 555 
1 741 , 91 " "+2" I 12 2 12 on” 
e 9 45 ig” 1 
The corre diſtance \ 72 117 5 2 . 74 10 
e 597485 wh / 55004 


x, a 73® 17 27 
Obttrved 9 74. 28. — 
2 1 


Firſt diſs, | als 27s; 23 


8 


FR Second di. . 16. 33. 


1 Maw. war's 10 107 33”: : 404 105 which 
"4 ee fs 2 1 Wk DA 9's 
ime at Greenwich wth 2 
mannoſe: Time at Ship | 


e 
5 75 * E. 5 Ob 
* £ 


— 2 


$ $ 


3 Difference of time $7. oo 140 5! 
Jongitude, tude, which i is weſt, > A at 22234 does 
W the time at the 1 
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which the altitude was taken for regulating the watch, For 
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. - tween the taking of the altitude and the obſervatian of diſ- 
tance, ſhews the time at the place at which the altitude was 
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A Table:of Logarithms from v to 10,000. ED. 
F 2 RN 
— — — — —1—1— 
9731357317 [97322197320 973401 99 345 1 97350 497354 

97359497364 [97 73931 979951 97391197399 197499} 
97495 [97410 1974 | 994331 91437197448 [97447 
97451 7456197 197465 99499191 +497488 [97492] 
1 97497 [97592 5781¾97376 57525732 97538 1975391 
| 8 7548 1975521 97537 97571 929751975 97584: 
946! 7 97594 #975981 yyb03 9761957827 (97626 [97630 
35 97640 (975447 976494. 97662197667P97671 97676 
Jeet 977055771390 7/774. 
eine 92249722 
197772 32227 i 
97816 782398277632 
9786997897 | y7877 
e 
95549795 
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5 2 28114 
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U Sine. "| Co-bne: Tang, | Co-tang. Secant, - Co-ſecant heyy 
| of [0.00000 10.00000. ©0:00900 Dia | 10,0000 10,00000 Infinite, 60 
— 6 6.46373 te. oo "6.46373 13. 13.536527 10.00000 13.583627 59 
2676476 | 19.0000p 6,76476113-23524 10. 00000 13423524 | 58 
be. Yi | 6.94085 10.00000! 6.94085 1305915 10,00900 | 13505915] 57 
t- 115 2.54629 $39.00000 7 7-06579}1 93427 1000000} 1249342T} 56 
* 8 7.16270 | 10.00000 7.162701 $3730 10,000 | 12433730} 55 
6 7.24188 1900000] 7.24188 _ 75812 10,00000 | 12475812 | 54 
7.30882 f 20.00000] 7.30882 0 10,00000 3.69118 53 
8 | 7.36681 f 00000 730088} 12.5 33184 20-00000 | 1263318] 52 
24 7.41797 10. ooo 74179712. 58203 10. oo 1. 2— 51 
2214 e 2 12.5367 — 12.539527 132 
11 7.05 4 10.00000] 7.50512 | 1.49488 | 10-00000 n 4 
12 7.54291 to. oοοο 7.54491 | 1245709 | 10.00000 | 12.45709 | 
13 |. 7:57707 | 19-00000} 7.57767 1.42233 | 19:99000 1.44233 47 
14: 7.60983 | 19.00000] 7.060986 | 12.39014 | 10-00000 12-3907} 46 
I 7.63982 | 10.00000J - 7,63982 12. 36018 10.00000 | 12.36018} 45 
þ 16: 4 7-66784 | 10-00000, 9rd. | ta. 33215 10,00000 e 44 
- 7.69417 | 9 999991 7.69418 f. 30582 | 10.00000 | 12.305833 43 
1877190 9.99999] 7+71900 | 13. a8 10 10,00001 12. 28700 42 
119 77448 9.99999] 7-7 f 12.25% 6 —— 12.2828. 41 
+ 20: F 7. F 7 10. 1 2 
e 15 _9-99999 | _7:794795 | 12.23524 3525 1.42. 
4:21 | > 49; "9:99999| 778595 | 12,21405 | 10.00001 12.1406 30. 
43 22 7.806156 99999 7. 806 15 12.1938 5 to. 012. 19385 38 
| 23: | 7-82545 | 999999 | 7-32546 | 12.17454| 19.0000 | 12.174554 37 
424 7-84393 | 9-99999 | 7.84394 12.15606, 10.0000 | 12.15607} 36 
4.25 | 7.86166 9.99999 7.86167 f. 13833 10.00007 | 12.13834 | 35 
26 7.87870 9.99999 | 7.87871 12.13130 | 10-0000T 1a. 14 130 ; 34 
27 3.255 9.99999 - 7.89510] 12. 10490 19.00001 41 33 
2 792088 .99999 7.91089 1.08911 10.00001 | 12.08912| 32 
29 | 7.92612 9-99999 | 7.92613 12.07337 — 1a. 0738831 
2.2 5 . 
31  7:95508 } 9-9999 7.28885 12. 04490 19-00002 12,4492 2 
33 | 7-96887 | 9.99998] 7.96889 | 12.0311 } 10.0000z | r2.03113] 2 
3:0. — 9.99998 798225 [13.0177 my 1201777] 2 
34 | 7-99520 þ 9.99998 799522 13.004780 12.004 2 
35. |-$-00779 | 8.99995 | 8.00781 | 11.99219 | 19400002 | 11499221 | 25 
36 | $.05002 9+999 1 117.756 10,0002 11197 981 24 | 
| 37 | $.03192 | 9.99997 $-03194 11.9680 10. O0 11.9698 23 
384 8.04350 9.99997 8.04353 | 11.95647 | 10. oo 11.956 50 22 
39 | $-05478 { 9.99997 908482 11.9459 10. 00003 [11.946222 
i 40 |-3-26578 9:99997 1 124523 11.3412 10.0003 1.93422 20 
4757555 9-99997 | 7-07653 | 12-92347 755853 |-11.92350| 19. 
42 | 303696 | 999997 | 7.08700 re 10.0000 11.913041 1 
43 8.509718 9-99997 . 7-09722 [1 6 wa 10.00003 N 17 
44 2.10717 9.99996 7. 10720 5 1000004 | 1189233 | 16 
45 11693 999995 7-12696 | LF gs 10.00004 135284 15 
1 8.12637 9.99996 T 7349.| 10-00004 | 11+3873561 14 
47 8.13581 9:9999®| 7-13585 | x1.86415 | 10.00004 | 11-$6419 | 13 
-48 | $:14495 | 9-9999®| 7-14500[ 11, $5960 10 00004 11.855056 12 
1 49 8.15391 9.99996 7415395 {11.84605 10.00004 | 1.84609 [11 
50 | $.16263 | 9-99995 | 7.16273 | 1183727 | 19.0000 5 — | 
5 75 9.99995 7.17732 11.82867 |-12.0000; 11.8272 5 
32 | $.17971 | 9.99995 8.17976 [TT. 8204 r2,00005 11.820294 
32 8.8798] 9-99995 | 8.13804 | 11,81196 | 12,00005 1.312024 7 | 
54 8.19670 9.99995 7 * 19616 | 11.80384 | 12.00005 | 11. 30390 N 6 
55 8.2007 9 99994 8.20413 2 12.00006 [2.79593 5 
15 182 9.99994] 8.21195 | 11.78 12.00006 11.7881 1[ 4 
1 8.2195 [ 9.99994 281904 11 505 1a. 0000611. 78042] 3 
1 147000 9.99994 191 11.7790 12.00006 | 11,77206 |. 2 
59 234561 9.99994 8.23462 [11 7653 12. 0005 J 11.76 As 
— $.24136 | - 9-999-3 | 8.24192 |11 780812. 0,1178814 0 
a Co-fine. | -S-ne, | Co-tang. | Tangent. | Co-ſecant | Sreant. M. 


A Table of Artificial Sines, Tang, and See, 1 Degree. 


- 


| a. | Sine. { Co-Sine. Tangent. { Co-tang, | Secaat.--}Co-ſecant | | 
* 0 5 44185 9.99993) $.24192 1.75808 — 1.75814 
8.24903 9.29993 8.249 7011.75 ro. oo 11. 75097 
| «2 8.25609 9.99993 ö 8.25616] ft. 74383 |10.00007;| 1.74307 5 
3 76589 9.99993 8.26377 [1.73688 10,00007 rr.73696 
1] 4 } 8.26988 9.99992 $.26996] rx,73004 | 10.00007 | r 1.73012 36 
| 1 8.27661 9.99992 8.27669 1.72331 10.00008 1.72339 55 
6.28324 9.99992 | 8.28332] t1.71668| r0.00008] 1.7876 54 
1-2 } 8.28977] 9-99992| 8.28986 rr 71014] 10.05008 | 11:72023 | 53 
8 29621 9.99991 | 8.29629 1.70371] 10 00008 1.70379 32 
. 8.35255 2.22221] 8.30263] 11.69 737 1000009 F11.69745 |. 51 
10 | 8.308791. 9.99991 $. 30838 11.69 112 0. 0009 1.69121 70 
x 8.31495 9.9999 T 8.31505 11. 85893 10.00009 1.68 fo 49 
ju | 532103 9.99990 8.31 r. 67888 ro.00009] 11. 67897 48 
13 8.3270 9.99990 8.32711 1.67289 to,.00000 11.672981 47 
14 8.33292 9.99990 ] 8.33302 [fr. 66697 ro. oon, 11.6678 46 
rs 8.33875 9.99999 8.33886 fr. 66 114 to. ooο0 11.661296] 43 
16 8.34480 9.99989 $ 34461] r1.65539] to.ooorr 11.655501 44 
17 | 8.35018] 9-99989 | $.35029| 11,64971 | ro.co011 — 43 
i | 3.28775 9.99989 8.35589 11.64410] 10. 00011 11.64422| 42 
ro 8.367131 9.99989 8.36143 [11.638 57 ro,000rr \F1:63568 41 
| 20 8.36678 9.99988 8.36689 11.63310f 10. 0012 T1. 63322 [ 40 
21 8.37217 9.99988 8.37229 17.6271 10. 00012 1.64783 3 
22 8.37750 9.99988] 8.37762 [Tr. 239 to. ot 1. 622 50 3 
23 8.38276 9.99987 8.38289 11. 51711 to. ot. 67724] 37 
24 8.38796 9.99987] 8.38809 fr. 6119 10. 0013 TT. ra 36. 
25 [8.39370 9.99987 8.39323 r1.60677 10. 00013 1160690 | 35 
| 2 8.39818 | 9.99986 8.39831 11. 60168 f ro 00014 | 1.60182 | 34 
#7 | 3.40320 | 9.99986 8 40334] 11. 59666 | 10.00014 | x1.59680| 33 
28 | 3.40816} 9.99986] 8.408 30 ff. 59170 to. 004 t1.59184] 32 
29 | $.4r307 | 9-99985] 8.41321 T1. 58679 | 10.00015|11-58693] 31 
30 | 8.41792 |þ 5.99995 '$,41807 | 11-58193] 19,00015| 11.58208j 30 
31 | 8.42272 [9.99985 8.422871. 57713 10.000151. 87728 29 
32 8.42746 9.99984 8.42762 11.5238 ro,oo016| Tt. 572 54 | 28 
33 8.43216 | 9.99984 8.432311. 56768 10. 00016 1.56784] 27 
34 8.43680 f 9.99984] 8.43696 11. 56 304 10.0016 1156 26 
35 8.4139 9.99983 8.445611. 55844 10. 001. 55861 25 
36 |. 3-44594 | 9.99983 8.461171. 55389 10.0007 11.5406 24 
37 4544 9.9983 8.4567 11.54939 10.01 11.5456 23 
38 [8.45489 9.99982] 8.45507 T. 54493 ro coor8 1.54510 22 
39 | $-45930 9:99982 8.45948 | 11-54052 10. 00018 r1.54070| 21 
40 366 | 9-99982 345 55 11.5361 5 10.00018 17.3633 20 
41 | 8.45798 9.99987 8.46877 [fr. 33183 10. 00019 1.53201} 19 
42 8.47226 9.9998 7 8.45 ft. 52755 ro. 01g 1. 32774 18 
43 8.47650 9.99980 8.47669 11. 52331 10. 00019 17. 32350 17 
48.059 9.99980 8.48089 [Tr. 519 T io. 0 t. 51931 16 
4 8.48685 9.99980 8.8 5051. 51495 10. 000 1. 5151815 
a 8.43896 | 9.99979 8.48977 11.51083 10,0002 1 bulb, 14 
2 8. %; 9.99979 849325 11.50675 | ro.coozr| 1. 50696 13 
43 | 8.49708} 9.99979} 8.72911. 5027 [10.0002 [11 50292 12 
49 | $.50r03 | 9.99998} $.50r3o0 tr.49870, 10.00022 1149892 | 11 
- $0 | $ 50504 999978] 50527] 11.49473 9 1149495 10 
51 8.50897 9.99977] 8.50920} 11. 49080 To. oo pt t. 49103 | 
32 | 8.51287 9.99977 $-5r310| 11:48690{ ro. oo 5 75 16 8 
33 8.57673 9.99976] 8.51696 rr 48304 to. O0 3 17.483280 7 
54 8.52055 9.99976 8.52079 11.479 | r0.00024þt1:4794 6 
55 8.52434 5.99976 8.52459 1.4254 | 10.00024Þ-11147566] 5 
56 [8.52810 9.99975 3.85935 11.4665 10. 0002 514790 4 
37 [8.537183 9.99975] 8.532081. 40795... 468 7 3 
| 58 8.535582 9.99974] 8.535781. 46422 ro. ooo. 46448 : 4. 
59 [8.53919 9.99974] 8.53945 7.46055 19.00026|#t.46087'] 1 
| bo. = 9-99972 $.54308 11.456522 10. 006 11.457180 
| Co-fine, | Sine. ® | tang. angent. Co- ſecant A 2D. I. 
Red e wake - . | 8 Degrees. - reg, "A 8 
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—— — —— 


A Table of Artificial Sines, Tang. and Sec, 2 Degree. 
f M. 1 Sine. Co-fine. | Tangent. 4 Co-tang- 1 Secant. Co-fecant} 
1 "F-54282 | 9.99973] 409 11-4562 | 10,00026 | 11.45718 = 
- | . x i| $-5464*}]. 9-99973} 4869 1145331] 10,000271 1145355] 59 
'| "2 | 8:54999| 9-99973} 58627 17.4473 10,00027 | 1.45000] 58 
| 3 | $-55354]. -9-99972], $:55352'þ . 57 | 
418.5575“ 9.99972 8.88581 1144266 10. 00028 11.442951 56 
\ - 5 || 8.56054þ 8.71 559083] 2.43977 10. 00029 11.4324 55 
8.56% 9.99927] 8.86429 11-43572] 10.001.430 54 | 
| ..7 | $:56743] 90 $:597731 11-432271,10.00030} 11-43257] 53 
1 3 8.57 9.99970 8.57114 11.42886] 10.00039] 1142916 52 
— 1 222 8.32411. 848 10.00030 14522 * 
47 9.999090 7.57212 16.656371 1443 50 
187 9.99968 8.58121] 14.41879] 0.00031 |11-41911] 49. 
| 22 | 9.59968 8-38451 | 11.41549] 10.0c032 | 1.41581] 48 
| 23 | 5.59967 8587797422 7 10.00032 | 11-41253] 47 
11 9.99967 8.5910 11.4089 5} 10.0003 ;| 14-40927] 46 
| as: | 9-99965] 8.59428 11.472 19.00033 11.4% 5 45 | 
' 18 9.99966 3.82278 11.4025 1 10. 00034-4028 5 44 | 
} x7 5.99965 8.808 11.39932] 10,00034| 11:39967| 43 
i! x8! 9.99965 8.60384 11.3916 10.0003 5] 11-3965 1: 42 | 
+29! 9-99964 | 3-b0695 F 11.29302 100003 5 11-3933 4 
17 | 9.99964 8.61009] - 10,00036 14.390927 40 
bs If | 9.99963 8.51319 14 1 10. 00036 11.357178 39 | 
i * 9.99963 8.61626} 10. 00035 11. 38411 3 
23 9.99962 8.6aggr| ; 10,00035 [1.3861 37 
1 24.53 9.99962 1 8 4 10. 00038 11. 37804 36 | 
'| as ||} 8.62496] 9.99961 8.62535 10. 0039 1437503] 35 
26 | $.62595] 9.99967 888% r 205 34 
| 27 8.63 | 9.99960 9.53737 10 1 9133 | 
| 28 | $2385] 9.99960 8.63426 741 10,000401 1135615} 32 
29 | $:63678 | 9-99959} 8.53718 81 10.00040 2 31 
'| 307 a 9.99959 8.84009 11.3599 1 10. 0004 7 1.36032 730 | 
1 3r | 8.64256] 9.99858 8.54208 r1.35702] 10. 041.3744 no 
| 32 || $-64543 | 9-99957] $-54555Þ 11-35415], 1000042 [11-35457] 23. 
33 5 827 9.99957 8 70 11.357130 10. 0004 1.35773 27 
34 8.65720 9-99955 | 8.65184 e 0. 0044 11-34890] 26 | 
2x 4 8.65291] 9.99956 $-55435 10,00044] 11.34609] 25 
1 $.65670| 9.99955 38781348 J 70, 00451134330 24 | 
12 8.55947 9.99955 8.65993 11.3400 19.0004 5 þ 1.340821 23 
38 8.652231 999954 8 . ; 10,0004@} 1-377 5 22 
; 8. : 114. 10. 12 21 
2 r . 207 Lone 3393] 
'} ao || 8.66709 j $$99953 j 5598167 14.93 184] 10.00047111.33331] 20 
| 41 | 8.57939} 99995 8297087] 11,3291 3| 0.0004 [11.342961 19 
| 42 | $-07308] 9-99952 +67356] 11.32 10,00048] 11.32692] 18 
| 43 [| 8-67575].-9 99957 | 27924] 21-32376| 10.00049] 11.32425| 17 
T 44 | $67 9.99951 67890 113770 10,00049] 12.32 16016 
— 14 | £.681 9.99950 8.63154} 51-31846 10. 000501. 31896] 15 
4 8.68 36 9.39949 8.684 17 11.3183 0. 00051[11.3t633J1 14 | 
| 47 | 8.68647 | 9:99943| 888675 e £0,9095 1] 15303730 13, 
48 9.68835 9.99948 8.68838 x1-3196 1s (4.311344 12 | 
| 49 | *-69144 | 9-99997 8.69109 "Tx ©4 1000052 142085 0 | 
6 1 69, 9.99947 3.65753 11. 30547 (0.00053 30800 7⁰ 
51 | 8.69654 9499946} 8.978 11.3029 10. 00054 10439346 3 
52 8.69907 999946 8.69962 120810 10. 005410. 30093 | 
\þ 83 8.70159 9.99945 „7 411.9786 10.0005 [16-2984 1 7 
54-7 5.5554 $/9465] £1.29525] 10.00056 [40,29591] 6 
4 55 8 70658 9.99944 5.70714 [1.292 [0.00056 40-29 342 8 
508 8.70905 9 99943 5.709027 1. 29038 10.00057 0. 89% +4. 
17 | 8.74191 9.99942 8. 1208 1.28792 10.00058 ro. 25849] 3 
s 8.71396 9499942 |. $-7:453j £1-28546].t0.0005%) 10.2856 2 
4 59 8.716 9.99941 8.71647 11. 28303 t0,00059 10-28 36111 
bo [8 71830 | 9.99940 8.7194%|-11a806010.00059 | 10-23$120| ©_ 
J-Co-tme Sine. | Co-rang, engem. Co een | Scan IM. 


— 


A Table of Artificial Stag To: and Sec. 3 Degrees 


"IT Sine, | Co-ne- | —.— C Dar 
jr | $.71380 9.99940 8 71940 2247275 — 18.2720 50 
| 1 | 8.72120 9.9994 8.72181 7.27819 | x0.00060 10. 27880 5£ 
| 2 ] 872359 9.9993 8.741. 27580 x0.00061 | 10.27640J 5 
> $4. 8.72597 ; 999938 8.726599 11.27341 | 10.00062 | 10.27403] $7 | 
[ 4 need 9.99938] 8.92396] 11.27104 | 10.00062 | 10.2766 56 
4 51 Vacs 9.99937 8.94132 [11.26368 | r0.00063 | 10426931} 55 | 
131 1 81 9.99936 8.733661. 26634 10. 00064 10. 26697 54 
g 8.73535] 9.99936 8.73600 11.264000. 00064 10. 26465 53 
| / 8.73767 9 99935} 8.73832 11.6168 | 1000065 | 10426233] 52 
WE, 8.73997 9-99934 | 8.74063 11.259372 le. 65 — 51 | 
17o 1 T.742261 9 99934} 8-74292| 34-25708 | 10. 125774 50 
In 2 — 41999933 $-745214 11.25479 10. 00062 | 11.2554 2 
12 8. 9.99932 8.74748 11-25252 | 10. 0068 1.25320 
1 13 | 3 74905] 9.99931 $-74974] 11-23026 | r0.00068 1125094 47 
1 14 } $-75130] 9-999314 $ 7599 11.248014 t0.0006g 1 46 
| 15 8.75353 9.99930 8.754237. 245% 10. 0 11 224647 | 45 
16 | 8.75575] 9.99929 8-756 : 11.243357 11.2445 44 
18 8.78015 9.9992 8.78089 1.23913 . 11.239851 42 
2. 8•26234 9.99927] 8.76306 [1 11,23693 | 10.00073 r1.23766] 41 
1-20 76451 9.99926 8.76525 77043775 10.00073 11.23549 | 49 
21 8.76667 9.99926 8.76742 | 11.23258 | to. 0074 11.23332 39 | 
428, 76883 9.99925] 8.76958 11.2304: | 10,75 11.2377 38 
23 | 87 9.99924 $:77173 1. 22827 10,.00076] 17, 22903/ 37 
| 24 8.77310 9.99923 8.77387 [1.22613 10.00076| rx.22690 26 
2 8.775242] 9.99923 8.77599 ft. 22400 10.00 11.3478] 35 | 
2 8.77733] 9.99922 | 8 77 1 apts; 10.00078 11.228267 34 
2 | 377943 9.999224 8.78022 ma 19,00079 } 11 22057] 33 
| 2 8.78155 9.99920 8.78253 | 11.21763 | 10 00079 | 11.21848] 32 
29 | 8 78380 9.99920} 8 1175 11.218579 10,00080} 1. 21639 31 
130 785 9.99919 9 1.21381 10,00081 [11.21432} 30 
| 31 8.78774 9.99919 72257 11.211465 10.00082 | 11,21226 29 
| 32 78979} 9.99917 8.79051 | r1.20939 | 1000083 | 11.21021] 28 
33 79183] 9.99917 8.79266] 11.20734 | 10.00083} r1.20817] 27 
| 34 8.79386 9.99916] 8.794701. 20530 fo. ot. a06 14 26 
3. 8.79588] 9.99915 3.78875 11. 20327 0. 0008511. 20412 J 25 
38 8.79789 9.99914 3.88875 11.20125 | 8. 00086 r1,20211] 44 
13 8.79990 9.99913] 8.80076 11.19924 | 10-00087] 11,10010] 23. 
3 8.80189 9.999131 $:80276] 11.179723 10.00687] 11,19811] 22 
\ 39 8.85388 [ 9.99912. 8 $0476|11.19523 | 10.00088 | r1,19612] 21 
4 | 8.$5535/ 9.99911 | 3.36741 11.19326 | 10 ooo8g [4309008 20 
41 8.80782] 9.999 0 8.80872 11. 19129 | 10.00090 1.1921 "If 
| 42 | 880978] 9-99909 | 8.87068 r1.18932 | 10. 00091 i 18 
| 43 8.8177 9-99909| 8 $1264] 11.18936 | 7e. 0001 1.28827 17 
44 8.87367 9.99906 8 $1459] 1.18541 | 10-00092 1.18633 16 
45 8.87560 9 99907 8.81653 |11,18347 | 10400093 | 11418440] 15 
46 j 8.81752 | 9.99906] 8:81846| 1.18354 | 10-00094] r1418248} 14 
47 8.81944 9-99905] 8.82038 [1.77962 10.000911. 18056 23 
48 8.827134 9.99904 8 $2230 11.7770 10 000961. 77666 12 
| 49_ 8.82324 9.99904 8.8:420|11.17579.| 19-00097 [T1 71-17676 11 
50 6.82513 9.99903 8.32610 11.17390 | 10. 0097 | 11, 71.17487] 10 
xr | $.82701}. 9.99902 |*8.82799 [11.17201 6 11.173299 3 
| 52 | $ $2888] 9.999or | 8.82987 11.170r; | 19-00099 [11.17112 | 
53 8.83075 9 99900 8.83175 | 1.16825 | 10.0010 11.169251 7 
54 | 8.83261 9.99599 $ $3367 | 11.16639 | 10. 00101 | 11.167380 6. 
3 8.83446 9.99898 8.83547 11.26453 | 19.00102 1.165544 5 
5 8.83630 9.99898 8.33772 [13.1626 r0,0010z | 11.106370} 4 
157 8.83873 9.99897 85 11.106084 10. 000 11.716187 3 
58 8 83996 f 9.99896 8.84700 11 15900 | 19,00104 | 11-16004]} 2 
59 | $.84177 | 9.99895} 8.84282 |11.15717 | 1900105 1.188233 1 
_bo 8.84353 | 9.99894 $.84464 [1.15536 10.00106 | x1. 11-15624 © | 
o- ſine. Sine. | Co-tang, | Tangeot. E ſecant | "Secant. M. 
2 86 — 8 


— — * W 


852 3 =, . 
A Table of Arti 


. . % 
——— FO RES > oe — 


wo Cong ds on G hands 34 \ 
kicial Sines, Tang. and Sec. 4 
| Sine, | Co-fine. | Tangent. [Co-tang. | Secamt,- [To-Tecamt | 
|} © |: 8.84353] 9-998 $.34464 | 11-15536] 10.00206| 11.15 "© : 
18845 9.99893] 8.84046 1.15356 10.001071 . 15461 59 | 
| - 2 8.84718 9.99892] 8.84826 11.131750. 00811. 15282 5 
3 8.84897 9.99891 8.85006, 11. 4995 10. 001091. 13103] 57 
4 | 8.83055 9.99890 8.85185 1 r1.14814 | 10. 00109 11.149251 36 | 
| 8.85232 9.99890] $.85363}1:.14637 |10,00110 | 14,14748 | 55 | 
| : 1] 8.85429 9.99889 8.85540 0 10 00111111. 14571] 54 
12 8.85606 9.99888] 8.35717 11.214283 10. 001 12 11.714395 331 
5 8.85780 9.99887 8.85893 11.1407 10.001131. 14220 52 þ 
9 | 3.85955 9. 98861 8.850690 fr. 139371 10,0114 1114045 51 | 
—— — —ä— 1 —vã ˙ 1 — — 
10 812 9.99885 2.86243 11.1377 0.00115 [71.138720 50 
8.86301 9.99884] 8.36417 1.13583 0. 001 16 1.13699 49 | 
12 |. 886474 | 9.99883] 8.86590 11. 13409 0.00117. 13526 M: 
| x3 | $ 86645 | 9-99852} 8.86763 [1113237 | 10-00118 | 11.133551 47 
14 8.86816 9.988 1 8.869354 1.13065 | 10 00119] 11-13183] 46 | 
11 8.86987 9.99880 8.87106 [ff. 12894 10. 00120 1.13013 45 
I $7156 9.99879 8.87277 [1.12723 10. 00120 It-212843 1 44 
I $7325 | 9.99878 8.3447 [T-I2553 | 10-00121] 11-12674 | 43 
I $.87494 | 9.99878 8.876611. 12384 19.00122 | t1.12506| 42 
1 19 8.876671 9.99877 8.87785 [1-122t5 | 10-00123 | 1.12338 | 41_ 
20 8.87829 9.99876 8.87953 | 11.12047 10.00124 1112171] %% 
ö 21 | 8.87995 | 999875 8.88 20 [1.11880 10. 00125 11. 12005 3 
22 888161 9-99874] 8.88287 [11.11713 | 19:00126} 11.1839] 3 
23 8.88326 9-99873} 1 5 11.11547 | 19.00127| 11-11674| 37 | 
} 24 8.88490 9-99872] 8.88678 [11.113811 0. 00128 [ITI 510 36 
1 2c | 8.886 9-998711 8.88783 [1.11277 10.00129 | 1111346 35 
26 8.88877 9.99870 8.88948 | 11.1102 | 10. 00130 11.111631 34 
27 8.88980 9.85863 8.89 11711. 10889 10.001311. 11020 33 | 
| 20 8.89142 9.99368] 8.89274] 11.10726| 10. 0032 | 11-10858) 32 
29 8.89304] 9.99867 8.89437 | 11.1056; | 10.001331. 10696 * 
30 8.89454 9.99866 8.89598] 11.10402 10,0134 11. 18536 30 
31 | $.89624 | 9.99865 8.89760 ff. 10240 10.001351. 20375 29 
32 [ 8.389784 | 9.99864] 8.89920 11, 10080 10-3611. 10216 2 
33 | 8.89943 | 9.99863 8.90080 11. 09920 10000137] 11.10057}] 27 
34 J 8.90102 9.99862 8.90240 11. 09760 10.0138 11.9898 26 
35 890260 9.99861] 8.90399 1.09601 19-0p139] 11.097 25 
36 8.90417 9.99860 8.90557] 11.09443 | 10,0040 11.095831 24 
37 8 90574] 9.998 50 8.90715 } 1109285 | 1, 00141 11.0946 23 
38 8.90730 9.998 58 8.90872 [r1.09128 | 10-00142 | 11.09270| 22 
39 | $-90885| 9.99857} 8.9708 71.8921 1.014311. 21 
40 3.91040 9.99856 8.91185 [11.088715 10 00144] 1.08960 20 
41 1 9.99855 8.91340 11. 08660 10.0014; 11. 88051 
42 8.91349 9.998 84] 8.91495 [fl. 05 506 10.0046 11.086571 1 
41 8.91502 9.99853 8.97649 11.083 50 10. 00147 11. 0849817 
4 8 97655 9.99852 8.97803 1.08197 10.00148| 11. 0834516 
45 8.91807 9.99851 8.91957 11. 08043 10. 00149 11.08 193 | 15 
46 8.97959 9.99849] 8.92110 1.07890 2 14 
47 [8.92710 9-99848 | 8.92262 17,0738 10. 00151 [1.07890 13 
48 8.92261 9-99847 | 8.92514 11:07 586 | 10. 00153 [1107739 [ 12 
49 [8.92411 9.99846 8.92865 11.0 2435 00154] 11.07589] 1 
50 | 8-92561 9.99845 8.92716 11.0284 10.00155[11.09439] 10 
51 3.92710 9.99844 8.92866 [11.0 7134 10. 00156 1 11.0 290 4 
52 8.92859 9.99843 8.9305 1.06984 10.00r57 507547] * © & 
| 53: | 8.93007 | 9.99842 | 8.93165 17. 06831 10.00158| x1:06393] 7 
54. | $:93154 | 99847 8.93313 (17.6682 10.00159 | 11.068460 6 
55 | 8.93301} 9.99840] 8.93462 11.06 538 10.00160 1135555 34 
56 8.93448 9.99839 8.93609 11.0639 1 10.00161 | 11.065524 4 
57 8.93594 9.99838 | 8.93756 | 11.06243 | 10. 00162 K 
58 8.93240 9.99837 8.94903 [11.06097 | to. 0016311. 06266 22 
59 8.93885 9.99835 8.94049 1108951 10 001641. 06115 1 
60 [8.94530 9.92834 8.941951. 05805 1.0066 11.0597 -© 
7 th Co Sine. | Sine. | Co-tang. | Tangent. | Co-ſecant| Secant. M.. 


we ; 


[ 


 # * * + 
Degr N. 


"8 Degrees, 


£ 


WW", 
# * 


9 


2 e of Ai ines, . þ Degrees. _.. 
"T Tanzen tf Co-tang.- 


54 Degrees. 


"7 - Sine. — angen t. | Sccant. | Co-fecanty ; 
0 2 =" : £94195, 11,05805 | 10.00166 775507 
118.474 1 \ 8.94342 | 11.95660 Wong 11058264 $90 ff 
'# 8.24317 9.99832 12455 .f. 05515 to. oo 11. 06683 ; 
' 3 | $-94461 9.55837 8.54629 17.537 ff. 069 11.055390 
4 N. 3 999350 | 8.94773 11.054227 10. 0010 FIi.05397 36 1 
4185760 99982 8.94917. 05083 [.10.00171 Fit.ogzgah: 35 
f 4 . 8.94337 9. 9992 8.95960 11,04949 10.001472 11. 5113 54 
12155029 99827 8.95202. 121,04798 | 10.00173 F11.04971}. 53 
| 3 1225 9.99825 8.9534 11. 046 55 0. 0017411. 301 $2. 
= 8.98 | 9.99824 8.28488 11. 045 4 1000175 11,04690 2 $ 11 
10 8.964 50 9.99823 8.95627 11.604373 10.00177 11.0455 50 
11 | 8.95590 9.99822 | 8.95767 | 11.0423 10. 178 1.84477 1 
12 895728 9.99821 8.95907 þ 11.04092 10. 00129 | 11.4272 
13 8.95867 9.99820 8.96047 | 11,03953 | 19.00180 ff. 4133 #7 
14 | 8.96005] 9.998 19 8.96187 IT, 3873 [10.00181 þ11.03995] 4 
I 896143]. 9.99817 8.96325 [11,03675 [10.00183 [11.3857 45 
18 | 8.56280 9.998 6 8.96464 [7.03536 10.00184 | 11.03720 | 44 
17 | 8-96477 | 9.52875 8.96602 [11.03398 |10.00185 1.53583 43 
18 56553 9.9984 8.96739 1.03367 þ10.00186[11.03447] 42 
2. 8.96689 | 9.998713 8.9687 [ 11. — 12 11.033111 41 
20 8.96825 9.99812 8.97013 7154987 10.00188 11.031751 40 
21 $-96960 9.99810 8.97150} 11 ab rop0190Þ[ 11.03040 36 
22 | 8.97095] 9.99809 8.97285 N 10.0191 11.049056 3 
13 8.97229 9-99808 | 8.97421 [1.02379 | 10.00192 11.0271 37 
24 8.97363 9-99807 | 8.97556 11. 02444 10.0019; 1102637} 36 
bs 8.97496 9.9 806 8.976g1 | 11.02309 | 10.001g4 f19-02504 | 35 

897629 9.99804 8.97825 | 11.92175 10.0096 11.02371J 34 
27 97762] 9-99803 | 3.97959 11. 02041 | 19.00197 11.0238 33 
28 } $-973894z 9-99802 | 8.98092 | 11.01908 | 10.00198 17. 01806 32 
29 8.98026 9-99801 8.98225 | 11.91775 | 10,00199 1101974] 31 
3 9 28780 9.99800 T.g8z 58 11,0162 | 10.00200 1. 01843 30 
31 | 9.982 9.99798 8.98490 11.01510 | r0.00202 | 11,01712} 2 
32 9.9849 9-99797 8.98622 | 11,01378 | 10.00203 11.01 881 2 
33 | 9-93549] 9-99796 | $.98753 | 11.01247] 10.00204 } 11.01450Þ] 27 
34 9.58579 9-99795 | $-98884| 11.01116 } 10. 0005 11.2321 26 
35 1.9.98 9-99793 | 8-9gor5 1 11241 10.00206 | 11.01192 | 25 
36 9.98937 9-99792 | 8.99145. 10,00207 | 11.01063 | 24 
37 9.99066 9.99791 | 8.99275 . 10.00208 [11.00934 | 23 
33 ] 9-99194] 9.997 $.99405 | 11.00595 | 10,002.10 | 1.00806} 22 
39 | 9-99322] 9.99788 8.99534 11.00466 IO.0021T1 | 11-00678 21 
49 | 8.994501 9.99787 $.9966z 1.00338 10. 002 13 11.00550] 20 
41 8.99577 9.99786 8.997971 11-00209 | 10.00214 | 11.00423] 1 
3 8.99704 9.9978 5 3.99919 | 1.00081 | 10.00215 | 11.00296] 1 
43 8.998 30 9.99783 | 9.00046 | 10.99954 110.00216] 1100190 f 17 
44 8.99956 9.99782 | 9.00174 10.99826 | 10.00218 22 16 
45 | s 99978t] 9-00301 | 10.9969g | 10,00219 f 10.99918 | 15 
45 } 9-00207} 9.99780 9-00427 | 10.99573 | 10.00220 0.99792 14 
47 9.00332] 9.99779 9-20553 | 10.9947 10. oo 10. 99668] 13 
48 9.00456] 999777 9.00579 10.9932 1 10,00223] 10-99544] 12 
| 49 2.00580 9.99776 9.00805 | 10.99 1956 10. 00224 1.99419 rt 
50 9.00704 9.99774 9-00930| 10. 99070 f 10,00225 | 10.99296] 10 
51 | 9.00828} 9.99773] 9-01055] 10,98945 | 10. oo? 10.99172 9 
52 900951] 9.99772 901179 | 10.9882 1 | 10,00248 | 10.9 
33 9-01074] 999771 | 9-01303 10. 98697 10,00229 | 10,98926] 7 
54 | 901196 9.99769} 9.014271 10.98 573 | 10,00231 | 10.98384] 6 | 
5 $01318 9-997 9-01 550 10.98450 | 10,00232 10.986824 5 
5 -01440] 9-99757| 9-01673] 10.98327 10. 00233 10.985661 4 
57 | 9-015611! 9.99765 9-01706] 10.98204 | 10,00234 f 10.984393 
58 } 9-01682 9:99764 9.01918} 10.98082 | 10.00236 10.9878 2 | 

9 | g-01803| 9.99763 | 9-92040] 10.97960 | 10. 00237 10.981971 

© | 9-01932 | 9.99761 9.02162 | 10.99838 | 10.002 39 10.9807 © 

17] Co-fne. | Sine. E Tangent. Co-ſecant Secant. | N. 
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| A Table of Artificial Sines, Tang. and See. 6 
. — = 
9-99761]. 9.02162 | 10.97838 | 10.00239 . 
9.99760 9.02233 1097775 10.0040 | 1 $6] 
9-99759 |; 9:22404 e 10.06247 787 
9.99757 9-0252 5110-97475 24 | 
9.99756 9.02945 Þ 10-993 54 | 1000244 19-9759 76 
9.99755] 9.027051 10.972340. 0045 [19-974 35 
9.99753 9.02885 gin eren? 1857367 
9.99752 | 9.03605 084855 10. 0048 [10097243 | 5 
9-99751 | 9-03124 | 10-96376 10. % 1097126 | 32 | 
9.997490 9-03242 | 0.967537 | 10.002 51 r- It 
9.99748 9.03361 | 10.96639 | 10.00252 | 10. 14 $0 
| 9:99747| 9-03479 1.96521 e $20.96774 | 
299745] 9.03597 wg 8 10.9665 1 
9-99744 | 9-03714 | 10-96286 | 10. oon 56 10. 9654 4 
9.99742 9.03832 10.961168 10. 00 37 10. 96426 i 
9.99741 9-03948 | 0.960 51 | 10.002 59 | 10.96310| 4 
9.99740] 904065 4 10.95935 wap ohh | 10-g6rg5 4 
9.99738 9.04181 10.958190. 00262 | 16.9 4 
9.99737 9-04297 | 10-95703 | 10.00263 10.95906 a 
999715 |_9-04473 | 10/95 587 £10.00264 FromeBar | ar 
999734] 9-04528 | 10.95472 | 10.00266 | 10.95737] 4o 
9-99733| 904542 1095357 } 10.00267 10. 95624 30 
4 | 9: | 9:99731 3 9-04758} 10.95242] 0.00269 1.955% 38 
23 | 9-04603 } 9-997301 204873 10.9517 | 10.00270 10.95497 | 37 
24 | 904715} 9-99728} 9-04987| r0.ggotg $10.00271 10.953853 
as | 9.04325} -9-99727 | .9-05101 | 10.94899 | 10.002 73 0.95172] 35 
26 | 904940} 9-99726} 9.05214} 10.94786 [10.00274 r0.95060 34 | 
7 903052 | 9-99724 | 905328 | 10.94672 | 10.00276 | 10.94948 | 33 
8 | 9.05164 9.99723 $0544 r0-94559 | 10.00277 10. 94836 32 
29 9.053275} 9721] 9-08553 | 19-94447 [10,002 79 | 10.94725 * 
30 9.05386 9.99/70 9.05666 10.943354 10.00280 175 30 
31 | 9:05497 9.99718] 9.05778 | 10.94222 | 109.0028 | 10.94503 | 2 
32 | 9.05 9.99717 9.05890 | r0.94r10 | 10.0028; | 10.94393 | 2 
33 |} 9-05717] 9.9976 9.06002 10.9 3098 10,00234 | 1094283] 27 
34 | 9-05327] 9-997144 9-o6rrgf 10.93937 | 10.00286 f 10.941731 26 
35 | 9-05937 | 9-99713] 9-06224 | 10.93776 | 10.00287 | to. 3] 25 
35 9.08046 9.99711 | 9.06335 | 1.93665 ro.00289 ee} 24 
3 9.06155 9.99710 9.96445 10.935565 10. 002 90 10.9 5123 
38 9.86264] 9.99703 9.06556 10.93444 | 10.00292 10.937368 22 
39 |_9-06372 3 9-99707 | _9.066 5 | 19-93334 | 1000293. 10.93628} 21 
qo" | $-064814 9499705 909775 7.93225 10.00295 } 0.93519 20 
4 9.06588 9.997044 9.06885 | 10.9311 10.00296 | 10.934111 
42 | 9-060g6 | 9.99702f 9.06994 f 10.93006] 10.00298 | 10:93304 | 1 
$3 9.06804 } 9.99701 9.07103 1092897 10.00299 | 10.93196] 17 
44 } 906971 2.32653 9.07211 | 0.92789 10.0030 0.93089 16 
} 45 | 9-07018] 9:99698] 9.07320 10.926804 z0.00302 0.92982 [15 
161 9.071244" 9:-996964 9.074281 r0.92572 10.0030q 10.928761 14 
47 | 9-97231] 99695 9.07536 | 10-924644 10.00305 |10.92769} 13 
48 9.0737 9:99693] 9.07643 | 16:92357{ 10.00307 wn pts 12 
49 | 9-07442 | 9-9y692 1 9.077501 19-92249 | 10.00308 10.92555] 17 
5 50 9.99690 } 9.07858 | 10.92 14 | 10. 003 10 10. 92452 10 
51 9.07653 9.99689 9.07964 10. 92036 to. 03111 10. 92347 
52 | $0775 9.99637 | 9.08071 | 10.91929 | 10.00313 j 10.92242 
53 | 9.078 ; 9.99686 | 9.08177 | 19.91823.| 1000314] 10-92137] 7 
$54 | 9-0796 5.9968, 9.08283 0.91717 f r. 0036 10. 92032 6 
55 9. 80% 999683 9.08389 | 10.9161r | 10.0037 r0-91928] 5 
56 9.08176 9.99681 9.08495 | 0.91505 | 10.00316} 10.918244 7 | 
57 | 9.082804 9.99680 ] 9.08601 10.91400 10. 00320 10-91720} 3 
58 | 9.03333] 9.99678 9.08705 | 0.91295 | 10.003221 10-91617] 1 
59 9.08486 9.99677 9.08870 | 10.91190 | 10. 00323 10 · 91514 1 
5 | 9.08589 9.99675 | 9.08914 | 10.9186 | 10.00 323 10-91411 | © 
7 1 Co-fne. ] Sine. I Co-tang. | Tangent. Co- ſecant Secant, I M. 


3 83 Degrees. 
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A 1 Babes, Spes, Tank wht nam 


g Sine. Co- ine, Tangent. J Co-tang. ] Secant. Co Seer | 
| © | 9.08 89] 9.99675 | 9.08914 10.9r086} 10.0325 | 10914111, 
| 11 g-08692 9.99673 9.09019 110.y0981 | £0.00326 f 10.9130 

's | 9.08795 9-99672 | 9- 9-09123 . 77 | 10.00328 0.91205 

3 | 9.08397] 9-99670] 9-09227 [10.90773 $10.00330 | 10.grioz | 
41 908999] 9.99669 9.89230. 90670 1.90337 10. 91001 
| 43 9.09101 | 9.99667 | 9.09434 | r0.90366 | 0. 00333 we 

'6 | 9-og202 9.99856. 9.09537 | 10.90463 | 10.00334 | 10-9079 

4 | 929394 9-99654 | 9-09640 | r0.90360 | 10. 003 36 10.9696 

'$ | 9-99405 | 9-99662 | 9.09742 þ 10:90253 | r0.00337 | 0.90595 
3 | 929500 | '9-99661 | 9.09845} 10-g0r55 | r0.00339 | 10:99454] 
ro 9.09606 2285 9-09947 0.90053 10. 004 I 1.90394 

tt 9.09706 9.99658] 9.10049 2 10. 00342 10.902 93 
1.42 2.5907 9.99656 9. 10150 10.895 30 r0.00344 | 0.90193 

13 | 9-09go6T] 999655} eee | 19:900gg, 

i4 9.1008 9$-99653 | 9-10353 | 10.89647 ['10.00347 10. 89994 

tx | 9.roro6} 9.99651 9.10454 8.89546 10. 00349 1.89894 

1 10205 50 | 910555 10.8944 5 10.003 50 10.3979 
Err '9-10b50 | 10893444 r0.00352 | 10:9909 

18 | 9.r0402 9-99647 | org  10.89244 10.0353 | 20; 89 597 
I 9296459 10.8914 10.00355 | . 89499 
20 9.105991 99644 9.709 9 10. 5 9044 10.00357 | 10.89401 

ar | g.robg7] 9.99642 | 9.17036 10.8 10.003 x ro. 89303 

12 | 9.10795} 99960. 5% 10.8884; r. 0060 10.905 

| 23 9.10893 9.99638 9.12254} 10.88746 | 10.00362 10.89107 
24 940990 9-99637 | 9.11353 þ 10. 88647 | 10.0036z3 | 10.8900 

5 9.11087 | 9.99635 9.11452 þ 10.88 548 0.00365 10.388913 

| 9-IT 9.99633 i berg 1 10.00366 | 10-88816 

* | 9-rravr} 999632 [.9-11 88351 | 10.00368 | 20-B8719 

38 9.11377 9-996301 9. 75 288833, to. o to. 886 
24424 9-99628 | 9-11345 | 10.88155 4109-00371 10.8352 

30 9.11570 9.99627 9.11943 | 30. * 0.00373 10,88430 

Jt | 9.11666] 9.99625 9.12040 r0.8 1000375 | 10.83334 

| 33 9.117611 9.99623 9.12138] 19.3 62 10. 00356 10. 88239 
3319.711857 9.996221 9.12235 3 10.0035 10.88 14 

44 | 9.rt952} 5.99620 9.12332 to 87668 | 1900380 10.8 

35 9. 7047 9.99618 9.12428 19.8757 J to, 00 81 | 0.87953 

46 9.12742 9.99677 9.12525] 10.87475 | 109-0038; 0.87858 

3 9.12236 9-99615} 9.126210. 87379 [10.0038 5 10877 2 
3 9.12331 9:996134 9.12717 | 10. — 5 10. 00307 | 10.387669 2 
Len 9.12813 10:87187) 12.9388 | 9.87575 

qo 4 9-r25191 5.2987 9.12999 10. 0.8709: | 10,0030} 76.57487 

4r | 9.12"12} 9-99608 | 9. 1300410. 36996 | 10.00392 | 10.87387 

42 | 9.12706] 9-99%7 | 9.13099 | t0-86901 | 10. 00391 0. 87294 

43 9.12799] 9-99605 | 9.13194 | 10-86806] 10. 00398 10.8720! 

44 | 9.12892 | 9-99603 | 9.r3289 | r0-86711 | 1000397] ro:87r07] 
45 9.129 9.99601 9.13384 10.866 16 10.00398 (00905, | 

46 | 9.14073; 999600 a 10.36 522 | 10.00400 | 10.869224 
q 9.13171] 9-99598] 9.14 10.8642 7] 10-0040: f r0.86329 

| 9.12263] 9.99596 9.13 10. 36333 10.00404 10.8677 a 
9 9.73355 9-99595 7175 10. 10.86239, 10.00405- 10.8645 
30 9.13447 9˙998%½ J 9.13354] 10. 78.6776 10.00407 ro.86553 
| 5! } 9.73529 9-950 | 9.13942 | 10.86052] [0.00409 | 10.3646 1; 3 
$2 | 9.13630 9.2599 9.14 41 0.852201 70 | 
53 | 513722 9.99588 9.14134] 10.858866 0.004 220. 5 7 | 7 
54 | 9-13813] 9.99586 9.14227] 108577 ;|15-00414 Þ 10.861874 8 
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l 1565176 7 
„ f 2238855 20.6401 1 10, 0 x0:65r21j 6 
9.349899 4 ond 1063953470 61113} -0:bgobb} 5 
TR one ee 
|: 93350901 1 205 3 | 10-63837] 10501119] 10 643363 
9.357840 | $4 + 21 110163579] 1001122] 36:bagor | 2 
fo |: ores: 9.36279 1,6371 [f. 015 10.64846 | 1 
233799] 9.30336 10.636640. 01128 10.6. 2 
. 
eee eee. 
"Rats, © | 
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Eren ebase n 34 This, 


1 4 Corfing1 Tangent: FCa-rang | | Secinc, JCo-keair [| 
; 8 |= — "9-98972|  9.36336{10,63664| 15.0777 Tear bo | 
| r 9.35262 [9.98859 9.36394 ] 2063606 10. 01 2 ? 

7 2 9.3578 9.98867 9.36451 10.63 548 10,01133 10.645 3 
3.357 8864 9.36509 10,491 1% 3810.7 97 
41758862 9.36566 110,63434 9 6 10.646573 36 

. 9.351 9.98888 9.36624 63376 to. 06416 55 

5 3536 8855 936681-[10,63319 | 10. 45106444 34 
f 7 935590 9-98852] 9.36738 19,63262 | 10.0rrg8 [10.64410 43 
A 7 9.356844 228872 1 2888 10.011514 6 5 

| 5 9336984 99 846 | 9-3 5 "2g! | 12:01154 | 29-64308 | $2 | 
10 9.35752 9:98843 | 9.35909 [10,63094 10.011710. 80 
rt 9.3586 „8840 936965. 10. 604 2001160 | 7.64194 2 
12 9.35860] 9.98837] 9.3703 10.6297 1.01763 | 10.64 43 
1 | 9.95914} 9,988 34] 9.3780 r 1001166 | 10. | £ 
14 9.38968 9:9883r | 9.37437 | 10.6286; | 10101169 10. 6403 4 
. 9.36021 9.98828 9.37193 [10:62807 f 0,172 [10.633078 45 
| 26” i; 9436075 þ 9.98825, 278 0. C280 f. 17 bars. p., * 44 
17 9.36129 | 9-9882r| 937306 [10-62694 | 10. 178 | 20-63877 | 45 
18 9 3618298819 9437363 [10.626 7 10.011871 [10.638181 43 
28 36236 9-988r6] 9.37419 | x0-62 10.01134 10:63764 41 | 

| 10 | 9.36289 |: 9.98813] 9-37476 [10. Torn 10.0117 | 10,63711| 46 
21 | 9:36342 9.988 70 22833 10. 62468 0.01190 70.636 58 3 
22 72622 9.98800 3 8 $10.62412 | r0.01193 10.636056 3 | 
2 | 9 36448 | 9,8804 9.37644 10.62356 | 1007196 0.63551 39 
24 | 9.36302 | 9.98801 9.370 1062300 | 10.0 199 10.63498 36 

| 25 | 9:35555)] '9-98798} .9-37756 120.62 1 19-63445 | 35 
26 Þ 9.3 7 9.98795 { 9-37812 10.621 10.0120 10. 63392 34 | 
27 | 9.36660 | 9.9879 9-37869 —.— 10.01 19.8525 433 | 
28 © 9.36513 | 9.58789 937924 | 1062076 | 10:012r1 4909807 } $6 
29. 936 66 | \9:98786 |: 937980 10. 10.62020 10.01214þ 19, 2341 31. 
30 . 9.98783 738035 10.61965 T0,01217 70.6318: zo 
21 | 9.36851 9:98780 | 9.38091 10.619009 [1001220 10631294 2 
| 33 | ©9-369796 9:98774 9.39202 [40.61798 | 10.01926 | 10-63024 
34 } 937028; 9.98777] 9.382570 10-61742 þ 10-01229,] 1962991 8 26 
3 9.77587 9.987681 82560 10.61 4 10.629191 25 
| 7 19.377 34 G98765 9-3836 10.6163 ann as 10.62 7 

| 37 37185] 98762 9.38423 10.618770. 38 1062845, $4 
38 | 9-37237| 9.98750 9-38479 [1.61525 10. 1441 7% 763 44 
2.29 9.98756 228524 10.6 1466 10. -01244 2225 21 | 
40 | 937341 87553 "938589 | 10.61471 4 10 01247 | 0162659} 20 | 
41 9.37393] 9-98749 3.38844 10. 61356 10. 0a 50 062609 1 
42 | 9.37445] 9.98746 938699 10.6 30 10-0712 54f 10:62555 
43 9.37497 9.98743 9.387 54 10. 61246 IO-OT257 10.62 303 17 
44 9.37549] 98740 9-33808]19,61192] 10.0t260 8 16 
45 9.37600 928727 9.38863 þ 10.611 147 10:01263 | 10-62400] 15 
46 9.37652 9-98734] 9-389184 10.6rx 10.01266 70.62 348 1g 
47 | 9:37703] 9:987g1 9-38972 [10.67 10.0269 f, 62296 13 
48 | 9.37755 | 888728 9.39027 . 10-01272/10-62245] 1 
ICC ˙ TT ro.cnao tha farce 13 
30 9.37858 9.98722 9.39736 30. 4] 10.01278 [1062142] 10 
31 | 9-37909 | 9-98719]- 9-3919010.60810] ora [1062091] + 
52 | 9.37960] 9.98715 9.39245 [40.60755 } 1001285] 1062040 3 
583 5.3807 9.98712 9.39299 20% 16.01288 — 7 
| 54 | 9:38062 |- 9.987% 9:39353/[10.60647 | 1001291 7 1 
55 9.38713 „8706 9.39% 10,609; 1001294 g0.61887] - 5 
36 9.38764 9.98703 939461 20;60539/] 10.01297 102775 4 
$7 | 9:38215 0 9.39575 110.60485 | 1001300] x0:619854 - 3 

. | $3 |} 9.3966} 94986974 9-39569 110.60441,|10.01303|a656i7245 32 
8 9.8377 9.98694 9.39623 10. 607% 10 01306 406168331 11 
9.38368 9.98690 9-3967 7 | 10:60323 10.1310 | 1061632] -© 
Co Sine. | Sine. | Co-tang. Tangent. Co-ſeeint} Secant, | M. 
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185513175 
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A Nine of Artificial Sined; Tang; and See; is Degree 


FIT 7 Jine. | Co-tine. — Co-tang: | Secant, | Co-fecant * 
IS) 9.41300 7794 9.42$05 10. 57195 109.01 50⁰ 16.8700 
12 þ 941347] 9:98491 510.5747. 509 10.5865 
2 } 9441394] 998983 | 9.42906 | 10.57094 10.01 514 10.58 3} 
| 5 | 941447] 5:98454] 942957 [10-5703 ee r9:58559 | 57 
| 7 | 9:41488] 9.98481 | 9.43007 10.563 10.1579 0.58574 56 
|S ee] e e 1d 44 . 
4: ; Sorbet 9.98471 9.43158 10. 86842 10.01 529 10. 88372 331 
1 ; 9.41675 9.938457 | 9-43208 | 10.56792 | 10.1533 1.58325] 52 
{ -9 | $:41922] 9846 | 9.43253} 10 $6743 | 10.615g6 10.58278, 51 
| | 9.417681 774.5889215, 18 7. 50 | 
| it | 9-4r8r5 3.5450 9.43358 10. 56642 10.01543 | 10.581 bs 
| | tz | 9-4186r] 9:98453] 9443408 | 20-56592 | 1001547 | 10.5813 4 
| | iz | 941908] 9.58455 9:43458] 20-56542 10.1530 10-53092 [\ 47 
SHEAR ER RE1c51666 
| 5 2 9.984½%½ 9-43607 10.5693 7,1380 10457953] 44h} 
| | 1 | 942093] 9-98435| 9-43657 [10-56343 | 9.01364 10:57907 | 43 
| 10 9.42139] 9.58433] 9.457% 10.5693 70.36% 1.8786 5 42 | . 
t9 | 9-42136} 2.28429 943756 — —— 10.1821 10. $7814 41 | ; 
| » | 9.42232 | 9.98426 9.43806 #10. 56194 | 19.0157 10.7 788 40 
t ar | 942278 | 9.98422 J 9.43855 10.561450 ro. 1 578 10.77 | 30 | 
| 22 | 942324} 9.98479 9443905 | 1. 56095 , 015881 10-57676] 38 | 
| 23 | 9-42370} 998415] 943954 10 S605 10.01 584 10576304 37 
| 24 5.4416 9.8412 9.4440. 55996 10,0158 15751 36] 
| 25 | 9.42461} 9:98409 | . 9:44>53 | 10-55947 | 19-01591 $10-57535 35 
| — 9. 4a 0% 9.9845 9,4102 7.55898 10.87898 10374934 


| 34 
| 27 | 9-42553] 84 9.44151 [$0-55048 10.01 598 10-57447] 334 | 
| | 2 . | 10. 55799 10.01 10.3741 32 
| 3g | 9:42644 22 Er 
| 9.92391 9.44299 10.5571 10. 04609 10.5730 30 
31 9.42735 9.98333} 9.44348 10.556 52 r. 01612 10.572651 2 
12 9.44781 9-98384 | 9.44397 0,556 10.1616 1.5719 2 
| 9.44610. 55554“ 1901619} 10571741 27 
14 | 9-42872{ 9-93377] 9-44495 | 19:55505 to. ot623 10. 57128 26 
339.4910 9.8373] 944544] 1955455 | 19.0162 10.0 25 
1 36 | 9-42962| 9 98370] 9.54592 | 19-55408 1 10.5703 
| | 47 9.43007 9.8366 9.44641 | 1955359 | 1001634] 10-56993. 23 
| | 9.98363} 9.44690 1055310 10.01637} 10456947 | 
39. | 94309 9.98359 9.44738 | 1955262 10,01641 | L0.56902 a} . 
| 40 | 943193 j 9-93356 | 9-44787 | 10-55213 10.01644 | 10156857] 20 
| 41 | 9.43188] 9-98352 | 9-44536 1055164 10. 01648 10.586812] 19} - 
| 42 | 943233 | 9.98349 944934] 10-55r16] 7.01651 10.56767] 1 
43 3.42278] 9 98345 | 9444933 | 19:55067 | 10.01655 $10.56722 13 ta 
44 | 9-43323} 9-938342 | 9-4498r | 10:55019 | 10.01658 $0977, 164 
| 4 9.43367 | 9.98338 9.45029 10.564971 10.01662 146.906 28 
: 9.43412 | 9.98334] 9.45078 0.84922 10.1666 10.565 8 
'47 | 9:43457| 8331 9-45126 | 1%,54874/ 10,1669 10.6544 13 
43 9.43852 9.58327 9-45174 | 10:54826 | 2,167,648 12 
49 | 943546] 9:983:4} 945222 | 19:54778 | 19:91675) 1.86484] 11 
30 | 9 43590} 9:98320J 945271 | 19:54729 10707680 10.56409 | to } 
gr | 9:43635{ 9:98317} 9-45319 10. 5468 f 10. 01683 10. 563651 9 
| 52 9.43 80 9-983t3| 9445367 | 2054633 | 10701687 | 1056320 ; 
33 9.43724 9.98309 9-45415 [0.54595 0.01691 10.6276 4 
| 44 | 943769| 99330 | 9-45463 | 10:54537] 19.016941 10-598 
| 573 988205 945511 10. 54489 10.0169 
56 9.47857 998299] 945559 | 19-54441 | 1907701 
| | 57 1 943901 998295 g-45606 | 10-54395 | 1901705 
, 53 | 9143946 9.99290 9-45654 | 10+ 54346 0.01709 
59 43990 9-98288| 9-45702 | 10-54298 | r0:01712 


1 bo 9.44034 9.98284 9.4575 r 
— ee fine. Sine. Co-rang, | Faggent. Co-ſecant | 
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A Tebis of Andfitial Sines, Tang. and Sec. 16 Degree, 


* N. Sine. Co- un e Tangent. ] Co-tang Secant.- | Co-lecanty | 
_ | 0 | 944934] 9-98284} 15457507 1054250 | 20.0176 10.559 75 
19. rs 9.98 9.45797] 10.54203 10.009 10563922 5 
2 2 | 9444123 9.982% 94845 | 1054155] £0.07723 | 10e55878] 5 
n 9-44166 | 9 98293 | 9.45392] 10.54 | 10901727 | 10755834, } 57 
| | © 4 1 944220 9.98270 9.490 10- 54060 | 10401730 1065790 56 
: | $ 9.44353, 9.98266 :9.45957 | 10-54013 | 10,01734 | 10*55746 | 55 
fy - 6 | 9444297| 9498262 9.42045 10-53965 | 1001738 [4055703] 54. 
is © 7 944341) 993259 | g 2110.539718 10.0174 1055659 53 
FS | 9.443354} 9 98255} 9.46130} 10. 33870 f i090r745 | 10055615 | 52 
, 9 -9.44423 | 9398251 | 2.46177 To.53824 | 19-01749 } 19 55572.} 51. | 
| - | xo | (94444721 9-938248 | 9-46224 | 10,53776 | 10.01752 | IO 55528} 50 
\ 4 at | 9444515] 9499244] 9.46271 | 10:53728 10.176 10· 55484 49 
12 9.4559 9.98240 9.46379 10:5368r | 10.017060 1055441 48 
' | 13 | 9 44602 | 9.98237] 9.46366 10. 634 10.1763 10*53397 | 47 | 
| 14 | 944646] 9.98233] 9.46413] 10,3357 10-01767] 10*55354| 46 
| x5 | 9444689 |" 9.98229 9 46460] 10:53540 | 10.0171 1056311 45 
16 | 9:44733} 98226 9446507] 10+53493 | 10.01774 | 10:55267] 44 
I 9.44776] | 9:98222 | 9.46554 |10-53446 10.0178 10'55224 |. 43 
18 9.489 9.98218] 9.46601 10.853399 | 10.01782 | 1055181} 42 
2 { 29 "9'44362 9.98215 9 46648] 0.53352 1001785 — 41 
20 | 9.44905} 9-9821t |: 9.45694] 10,53306 10. 1289 10 55095 40 
| 2x 9.44945 9.98207 9.46741 10.832 59 10.773 10˙ 38061] 39 
22 97,4490 ] 993203 | 9.46788 0.53212 to. 01296 io'sgoo8 | 38 
13145935 9.98200 5 10.5316; | 1001800] 1054965 | 37 
| 24 |} 9445077] 9.58796 9.46881 10.53r19 | 10-01 L0*549234 36 
{2 } 9-45120 9.98192 9.46928 10-53072 {| 10.01808 | 10+54880{ 35 
| 2 "9-456 9.98189 9 46975 | 0.53025 1001811 10554837 | 34 
27 | 9-452 9.98185 | 9.47021 | 10:52979 | 1001815 | 10*54794 | 33 
23 }: 9.45249] 9.98181 9.47068 | 10452932 | 001819 1054761“ 32 
- 29 | 9452921" 9.938177 | 94711410. 82886 10.1823 L0*547038} 31 
30 | 9*45334] 9.98174] 9 47160] 10. 52840 10. 01826 | Iar34666| 30 
31 | 9:45377] 9-98170] 9.47207] 10.52793 70. 01830 lo*5gbag | 2 
| 32 | 945419 2 9.47253 10. 52747 | 10-01834 1545814 2 
| 33 | 9454621 9.98162} 9.472994 10.52701 [\t0.01838 | 10 54538] 27 
- 34 9.45504 9.98159 947346 22 10. 51841 10644961 26 
= [35 4 9-45547] 9.98155] 9-47392 10.5608 |,10.01845 | 10:54453] 25 
1 —4 9.45589 998151 9.47438] 10.52 562 0.1849 064411 24 
32 9.45632 9.98147 9.010. 52516 10.018 53 1054368 23 
. 38 | 9:45674] 9.98144] 947530} 10-58470 | 10.01856 | 10454326 | 22 
39 9.4716 9.98140 | 9 47576{ 12.524a4 | 10.01860 | 10154284 21 
"0-4 9.48758 9-93136{ 9.47622 10.52378 10.01864 | 10*54242 | 20 
4 41 |} 9.45801] 9-98132 | 9.47668 $0,52332 ro0.01868 { 10054199 |. 1 
4z | 9.45843} 9:98123] 9.47714 | 10052286 | 10.0187 1 1034157 
: | 43 | 9-45385}-9-98125] 9 47765} r0.52240 | 10.01875 | lorg4rts | 17 
44 9.4927 9.98 1a 9447806 gs 10. 01879 | 10154073] 16 
45 1 9 45969} 9-g8rr7] 9.47352 16. 5214810. 01883 10154031 | 15 
D 46 | 9.460tr| 9-y8114] 9.47897 | ro.52102 | 10-01887 | 10053989 j 14 
47 || 9.46053] 9-98109]- 9.47943 | 10.52057 | 1901890 10153947 | 13 
48 252257 9.98106 9.47986 [10.8010 01 to'5390c] 12 
9.46736 9:9Sr02] 9.48034 19,51965 10.0189 1953864 12 
"| 9.46178 9.98098 9.43080 e wh 10. 01902 | 10'53822 | 10 
9 46220! 9.98094 9.48126 10. 51874 10.0rg06 | 19: 33780 ? 
9.46262} 9-98090| 9.48171 | 10.53829 | 10.01910 | 10:53738 a 
9.46303] 9 98087} 9.48217 to. 51787 1001913 | 10*53697| 7 
N | 9.49345 9.980$3 | 9 4876210. 51738 10-0197 | 10˙53655 6 
"| 9.463 9 98979 | 9-48307 10. 51692 10.01921 | r0*53614] 5 
|} 946428] 9.98075} 948353 [10-51647 11001925 | ro'53572] 4 
'| 9.464691] 9-98071] 9.433984 0. 5 602 | 1c.01929 | 10*53531 | 3 
9 46511] 9.8067 9.43443 | 10 51557] 10.01933, 10553539 | 2 
9.46552 9.980*3| 9.43489 10.515811 10.01937 | 10553443] 1 
9.46594 9.98060 9.48534 | 10.51466 | 10.194 | 10:53406| 0. 
'f Ca-fine. | Sine. Co-rang. Tangent. Co-ſecant } Secant. M. 
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A Table of Artificial Sines, Tang. and Sec. 17 Degrees, 
"TE;  Co-fine. | Tangent. . Secant, 755555 7 1 
10.81 10.01 10.5 T 
E 
1 * 3 * — 9.48624 10. 51376 — 10.5424 55 
10 247 6 $048 | 9.48669 10. 51331 | 10.01952] 10.534831 57 
3 woes 40608 9.487 14 . 10. 01936 | f0, 53241 56 
14 24425 9.98040 9.48759 10. 51241 10. 01960 10. 53200 35 
| Fs 9.4 1] 9.98036] 9.48804 | 10.51196| 10,01964 | 0.53159] 54 
'9 6882 | 9.98034. to. 51151 10.0968 | 10.5311 33 
9-4 98029 9.43894 | 10. 51106 20*01971 | 10.53077] 52 
9.46923] 9 10. 5106 1 10.01975 | 10,3036 51 * 
9.46964 | _9:95025 | 945939 | 1051061 | 10.01975 | 19,53036 * 
. 9 98021 9.48984 10.351016 10.0197 10,3995 50 
10 3 947095 9.98017 | 9.49029 10. 50971 10.01983 | 10. 529 84 2 
11 922545 8013 | 9.49073 | 10.500) 10. 01987 10,3974 | 
1 12 | $479 * 3 9.49148 | 10. 30882 10.01991 to. 628731 7 
| —_—_ 598005 9.45163 | 10.508z7 | 1,1995 1.523 46 
14 | $477 + 1 9 4920710. 50793 | 19.91999 | 10-54791 | 45 
15 | 947299] 9 9.492 52 | 10.50748 | 10.02003 | 10.2761 44 
i 9-47249 7 — 9.49296 | 10. 50% 10. oaoο | 10. 52710 43 
I * 43 9.49341 10. 300 59 10 0⁰ο,ẽt. 5467 42 
22 9:97986 | 9.49335 | 1950614 | 10.02014 1,94 
=} 97982 | 9.49430 | 19450570 | 10.02048 | 10,52588 | 40 
20 | 9-47411] 9979 $ | 9.49474 | 19.59526 | 10,02022 | 10.52543 7 
at 9.47462 9+97979; 9.49519 | 10.5048 | 10.02026 | 10,52508 5 3 | 
a 1; 947492] 9.97976 9.49563 10. 5437 10.0030 0, 52467 37 
23 947513 5 94 10,50393 | 19-02034 | 10. 52427 36 
24 947573 #9 6a 9.49651 10. 303 [0.02038 0.52387 351 
25 9.47673] 9:979 $1 9.49696 | 10.50304 | 1002044 | 10.52346 | 34 
2 947654 949795 Dar to. 50260 | 10,02046 10. 52306 33 
1 9.47694 — 9.40784 1.80216 | 1002050 10.2266] 32 
. 
1 72561. 57578 | 9.49872 , 514 888557 14-4 
10. oo 10-02062 | 10.5214 
31 9.473 54] 9+97938 922265 Fa — Mong Vin"? 28 
32 | 947394 49-3 4-04 ON 10. 49996 10.02070 10. 52066 1 | 
| 33 | 947934] 99793 . 10. 40932 19+02074 10, 3026 26 
34 e bp wn 5 10.40 8 10. 02078 10,1986 | 45 [| 
| 35 L 14 N ow 6110.490864] 10. 0082 10,1946 24 
3 9.44 tee —— o | 10. 4820 10.086 10. 5196 23 
£4 9.48094 , 997914 — ng 10. 40776 10.02090 10. 5867 22 | 
3; 9481334! 9:97910 4-693 15.4733 1210-02094 [10.5827 |, 21 | 
. 9-48173] 9-979 EE r . 1 
| ry "9-50311 | 19-4 89 10. 02098 1o. $17 221 
—ç— 9.48213 Py 4 10-406g5 | to. oa 102 10. 91747 | 18 ; 
41 9-482 52 9˙97 98 , 945935 10.4060 | 10,02106 10. 51 718 
4 9.48292 * 94593 10449558 | 10,02110 ||\r0.51668] 17 | 
43 1 9-48332 22 2 10-49515 | 10102114 10. $1629 r6 b 
44 | 9-437 9.97 * 10.490471 10. 01118 10-1389] 15 
9.48411 9.97882 950529 | | 8 
2 9 878 0572 0.40428 10.02 122 10,1550 14 
43 3.573% 9.208461 19:49384 | 10.03126 | 19-31510] 13 | 
4 | 333329|: $.9-$70| 9.50659 10-4934: [70.93130 | 19-81495 þ 12 | 
9-48 529  9:97270 } - 945995 10,49297 41002134 | 10.31432] 1.0 
| 49 | 9.48568} 9.97866] 9» — 78.8773 705752 A 
— | - 1 10.492 . 9 0 L. 
5o | 9-43607 997861 —_ T eee 10.0 143 10,1355 2 
51 948627 8 3.356 10.4167 10,147 10, 1 8 
52 |' 9.48685} „97853 Os 10. 49124 10-021I51} I0.51275 | 3 
{ 53 19.4725 Nana 9. 1941 10. 40081 10-02155 | 104512 \ 
54 | 948764] 9.97545 3.35362 | x0:49035 (10,02159 [tougrtor | 3 
EE 
50.7; g 9.810% 10-459 57 10.160119] 3 
5 9.43881} 9.978334 95% $] 10.02171 | 1o»g7 -» 
53 | 9.489201 9.97329, * 1048865 50 17 — 1 
39 948959 9.978254 9-5 8 r0-48822 0. 02 179 þ 10-5t002 1} ©. 
bo | 9.489981 9.97821 9.4178 ( 9 * 
— * ours . | Nasen Coen! 212 
'Co-fine* Sine — — — — 
1 2 72 Degrees. 


* = - wand C 
—_— 2 a jw en, 2 —— — —— — ny 


* 


4 
— 


1 


th. 
— 


A reis of Anifeid . | 
E raſan np. 
1 7875 oe. | Tangent. | Co-tang. | 1 9 
Aer ' 9.97321 1 — WR ant. Co-feca — 
* ; 9.490 1 15 278 to. 488 — hp nt = 
2 24. 997817 2 nn 1 
1 924 9 76 9.97812] 98726 r0.43779 To. 02183 > tea 60 
Ae e 3-312 t0.48736 | 16.02188 boxed 
4} $4 | +5092 
"A 4 | 9.49192 2974349 | 10.486 pope a 10.5088; 33 
4 9.97800 | 9: 51 1 20:02196 3235 57 
eee eee e e , 
e 73675 10-48565 n : 
- * TL 2 997738 34325 ä — . 3 54 
i Wo, 949347 | 997754 19:51563 to. 48480 10.022 12 10.307 30 53 
1 9.40385 — 563 | 10-434 57 | 10-0: | 10450692 
$ 11 9.4 227772 9.5 1606 EV] 2216 10.506 $2 
Ba bo feces ei 
131 9.9777 94516 to. 483 52 f 10.0222 30615 50 
14 2 — 5169 110.4309 10.02 ee 49 
4 9.35391 9-977 9.573 10. 48266 10 229 10. 5038 4 
7 he 9.495 77 9.97 9.5177 10.482 OSS 33 10. 50500 
1+ 9-49615| 307580 —— 1048181 ors 842 46 
. 2 7 9.49654 9.977 9.51867 10. 48139 Joo 2241 10. 50423 
f 18 9.4969 9.5190 02246 45 
= 2 9.97746 4 10.4 8097 088 10. 5038 . 44 
; 2 * 2e. 1985 ro. 48054 — 10.0346 43 
x o | 949768} 19-9797 . 2 e 
21 9.49806 77381 9-520 —— 10. 502 
14 — nas 31] 10,47969 10.0326 | 
8 23 _— 2 | ons! 10.7885 — INN 40 
1 ] 0. 72 N s 10 194 
eee | — FN 1047845 — 10. 556 8 
| 25 | 9-499 9-521 "0237 4 
4 26 — 99227 9-52 991 see | 10.028 Isos 37 
1 + | 9.9781 10.47758 | 10. 79 | 10-50080 36 
1] 27 þ 959934 . 9.5228 0228 3 
3 50034 — 3110. 3110. 
9.97 47776 | 10 $0042 f 
L 28 ; 9-500 : 9.52326 02237 . 35 
| 9:50072] 9499704] 9+ 10. 47674 | 10.0 10; g00ok | 3 
Je ' 950110] 9.97700 952368] 10.47632 — 10. 49966 — 
1 x * . — 18.428 85 
IBE 2 1947643] 1005504 ge 
131882 — 899 nant po] (omg 4) 1049952 | 70 | 
44 9.0261 | 9.97683 ＋ 536 10.47464 10 289 10.4937 5 29 
135 | Ho 9-97679 4.4 W 4 15 
1% 9.50536 9-97674 ker — | Re bf rs he 7 
TENETS 44404 e — 9 26 
| 37 | $5944 9.32903 | 10.4 (0.92326 10. 
1381 5 ; 9.97666 9.52 : 89 Ee 
121 9.308 9.97662] 9 745 [10-472 55 =, he 
1.39} 9.50486] 9.99657 | 3 * 7 107777 0.02938 d 23 
8823 9:9995 12 GT 10.495512 
14 4 | 53 9.528701 PRESET 10.49% ri | 
. 49. 0598 9.97649 9.52912 0.471 10.02 347 —— 4 £--..A 
1 5 5.97645 3.52953 10. 47088 10.02 10.49477 | 29 
e 9:99640Þ; 9 ere e 
ie . 5299 10-4700 235514 1 
1 45 9. = 97636 9. EE | 5 10.02 9402 18 
| 46-] 2555 2277275 . —.— 2 8 
47 2.85734 1 ˖[ 3386750 2 n 70-02.368 7 (hr 
| 48 | $508 9.97623 9353346 0.46880 | 10.02 179 5 
5 505 897619 52467 40. 468 32248195 1 
49 | 9393848] e 3 
= 2m 222527 9.53244 #59 —4.— 2E 
930895 Ir 244] 10:46756 | 50.02 10. 49% | 12 
| 9497619}! % — 385 fro 
| P 9.5093 9:97606 1 4 10.467 r5 e 11 
-4y 9.50970 —.— 33327 10. 46673 n to. 49 to; 7 
> , 4 9.5005 9.97597 9.53368 10.466 32 3 10.4067 9. 
p | * 510431 997 13832759 10.46 then 2398 0.4% 3 | 
1. Lz res. 5 18.4356 | 10002407 1048993]! „ 
Ie — — 2 — 4 4 6 
4g e 25397 12 e e 1 , 7 
* gr] 5.97576 9.836 44 10446426 | 10-0242 0.43883}. 7 
2 by +$1227]| 9.99571 33 15] 10.4648 - 010.4887164 | 
8 | 95126; 1571] 9-53656 5 | 20-0 142 3 
Ar 264 9.97857 3 10.46 ir 4 | 10-48809 | | 
. — Eg ihe en wn | 
— — — Fe ee 0 
—— Secanr, | 


— 


A Table of Artificial Sines,” Tang. and Sec. 19 Degrees. 
*r Co- line. Langent. Co-tang, Secant.. | 
t 9+51264} 9.97567] 9-536974 
951301 9.97563 9.53738 
9.513371 9.97588 9.53779 
9.51374] 9.97554 9-53829 
9•97550 9.53861 
9.97545 9.5390 
9.97541 9.53943 
9.97836 9.83984 
9.975 - . 
9.97528 
9.97523 
9.97519 9. 
9.97514 
9-97510 
9+97 506 
9.97501 
9.97497 
997492 
9.97488 
997484 


9-97479 
9-97475 
94974794 
9.97456 
9.97461 
9.97457 
9.97452 
9.9748 
9.97444, | 
9-52314 | 9.272429 
9-97435 
9.97430 
9.97 
9-97 
997417 
997412 
9 97408 
9.97403 
9.97399 
997394 
997390 
9 97355 
9.97381 
9 97376 
| 9.97372 
9.97367 
997362 
9.52951 | 9-97358 
9-97353 


n * 


— 
© 
+ 
on 
ov 
1 


FEE 
als 


„ „„ 
- 


10.4597, 
10.45935 
3 
1045894 
110.4853 
10.458 12 
10.4772 
10.4571 
10.455691 
10.450650 
10.4610 
10.455869 
1048829 


10. 45488 
10.458448 
10454 
1045367 


* 
— 


2385858 5] 


4 


D 


R 
6 . 


— 


10. ga 525 
| 10. 02530 
19. 045341 
10.025639 
10.025431 
1800257 
10.0252 
110 2285 
10902561 
enges 
ID 02570 
10.02 574 
10.023791 
10,0258 
10. oa 388 
10.902592 
5110.025897 
10.02 601 
19-44725 9.92895 j 

10.02610 
10.2675 | 


15 562 


FF 
2 
8 


SIBSTEREzR Smonc 


ITY" 


r 


i= 
2 


. 


*. 


WISHES TS 


[1947659 
7 — 


10.4585 
1045045 
10045005 
10.4496 5 


— w 


S $9 


10 
N 


— 


5 
SÞ 
SEA 


175 — rs i. 
— — , 
I — * $f + - ” 0 * 


* 


55315 
9.55355 
' 55395 
| 955434 
| 9:55474 


22 
E 
IND 
»w + jw 
88 
61 


Ali. Md 


147225 
10. 47189 
| 10.02648 Loot 54 
9.53514 | 140-47119 
55884 [104753 
953593 | :10.47049 
9.55633 2044357 10.0447 


S 


—— 


C N 


Renens 


23 


8 


9-97349 
g 9.9734 
9.97340 


9.97335 


9.97331 


19973286 


N 9.97322 
9 97317 
9.97312 


9⸗97303 
9927299 


9.55870 


978594 
95388 
9.56028 
956067 
+ 9.56107 


Sine. 


1 Co-tang. 


1.9:55973.] 

9.55712 
* 55752} 
9.35791 
+ 9:55831 | 


955910 


10.0 557 


AMC £ _— 4 ——— — —Bñᷣ es — 
- 


=_ 
— 


b. — 


- 


* 


— 


* 

30 " 
1 5 
1 
IS 


* 


& 
e 


— 


8 


2 8 


Ln 
* 


a 


| 9-97477 
3682+ 15862 


. 


8.5780 
9.97575 


ö 


22.2 
9.97452 
997248 
5ꝙ 974g 
9.9723 


9.97266 


9.97229 


＋— — 


9.9725 


9.697220 
9.97215 


9.2215. 


9-972 34 *Tx 


7 amen. 


; 990107 
9. 
3 
9-56224 
9-$6264 

; 9-50 303 
9.55342 

' 9$+56391 

9-$5420 


— 
n 


9.56499 
9.56837 


| 9.56 ye 


9-56439] 


$671 6367 


9.97206 
9.97201 


9.97196 
dtd of 
9.971 
| — 


9.8778 


9971 


tht} 


\ 9:97 163 


- _— 


2 88 


IS 


— 2 
_— — — — * 


ede 


4 


— 


—— 


S 8 8 


85 = 
9 


=o 


& f . 404 a 
* = 
ho -06 oy 


i 


9. 55702 
9.531 
9.55169 


9555235 
95826 


oi 


| $-35202 | 


9.97159 
„697184 
9.97149 
9.97145 
9.9774 
9.97135 
997130 
9.97126 
9. 9712 


sene 


9.97177 9:5 


$02 | 9.97106 


9.97702 
9.97097 
9.97094 
| lard | 
p 997689 

9.970% 


2 
9.57474 
9.57312 
9 $7387, 
9.373 ; 
9.574 
9.57466 
9.57304 
2 2755 
9.57 
28 
9457658 
9.37696 
9.57734 
9.57772 
» 9.97810 
E 821827 
9457887 


822 


1 


Co-tang. 


10.438 54 
10.4381 5 
10.43776 
10.4736 
3643697 
10.4365 
10.430619 
10. 43580 
1.43841 
10.43502 
10.43463 
10.43424 
10.43385 
10.43346 
10.43307 
10.43268 
10.43229 
10:43190 
10-43151 
Toq: O. «44713 13 
10. 430 
104363 


110.429 


| 


Il 
1947888 
10.4288 
e 
1 803 
mos 
10.427261 
10.442688 
10.4649 
10.4261 
10.44 572 
10.423534 
0.42496 
10-42457| 
10.42419 
1042381 
10:42 202 42 342 
10. 42 304 
10. 48266 
10. 42a 
10.49 
10.421 Ly, 
19.431713 
10-4307 ; 


1 70-42037 


10:41999 


10.41 78447981 


f 710441658 
5 oafr620 


10.41 532 


10.43893 | 


10-047 18 
10.0371 ; 
10402720 
10. 02724 
10.02729 


40.074 


10.027 57 


10.02771 
10.02 776 
10. 0270 


10. 02794 
10. 02799 
10. 02 


10,02 
10.0281 
10.0281 


ro-0282%9 


IG Ar 
— yk 
0.02851 
10.0285 5 
104028 
1060286 ; 
to. 2870 


1002874 


10.042879 


10.02884| | 


þ 70.0859 


ro. o 898 


10.0290 a 


ro. oa 
10. 2913 


10.0922 


40.7 | 


to. daz 


10702937 
10. 0941 
70. 02946 
10. 029 51 
10. 2956 
10.561 
10.029 &5 


10. 0299 


10.2975 
10402980 


5 


10.027344 
1042736 
20-92743 | 

10.027 52 |* 


10.027621 
10. 02766 


10,2785 
2289 at 


1002822 | 


0.02832 
10. 02837 


bo. 


ese | 


TO. 2977 


: 


| 


9] 


9 


ale 


10744862 
Feet. 


40. 446% | 
10349666 | 


APO of Ai) Sine, ng ud ee 26 Deyte 


— * 


15 
7 


— Tang) tnd tax? 41 Begitnt 


Sine. . Tangent. j Co-tang, Secant. | Con 

9-970151 "9:53418] 10475824 1002985 at © 1 
9-55466\ 9.97010] 58453 1878 10402990 10.4534 
| $:55499] 7005 9153493 T0:41507 . 10.44 


. 
P 
A* 


9538684 9.96996 
38887 22 


9.3083 2 1. 
9.96976 
—_— 


2 
en we 


[wwe 6s 
2 
'S 


* 
— 


10 | 955960 | 
tr | 955793 —— 
| 12 | 9553261" 9.96957 
| 14 „ss 9:96952 
14 þ 55391] 9:96947 
7 | 953923 9.96942 

| 9.969 37 
| 81 9.96932 
is | 9.560211 9.96927 


9.59317 
—59354 


9.59540 
9.39577 


1.59673 


| 9-5g651 
9-59725 
9-59762 
9.39099 
4 35 | 


39 1 9:35695 EE $:59372 


9-59909 


| 9-538 1] 9.99001 | 9.38531 | 10141469 


10,41431 
| 29.41394 
10.413 56 
10.413 19 
0.41281 
10.4243 
10. 41206 
10. 41168 
10.417131 
10.4093 
10. 41056 
10. 41019 
10.4098 
ro. 409 
10.4090 


1.40869 


| 


10.408 32 
10. 4095 
3149757 


10.407 20 
10.4068 3 
10. 20636 
NEED! 
10. 0571 
10.4034 
10 4027 
10 60 
FS v1 3 
to. 40386 


10.449 


f 10.,03157 
10. 40238 ] 10:0gT62 
110.03767 
10. 40165 106.03r72 
11803777 
10. 40091 10005782 
; 10.03 187 | 


2 225 110 ; 


(10. 39724 
10.396857 


10.3967 
10-3961 


10.3957 


10.3841 
10.395 

10-30q68 
10-394 32 
19-39395 


10-39359 
angent. 


44 10. 03068 


0. 030 
108 


10. 043 
10.03048 


ee 
10.030 
10. 3 


10.0307; 
— [0.03078 

10.030$3 
1603088 
[r0.030g3 


1003107 


1003177 
10.031822 


10.403132 
irg 
10.03 142 


10.031562 


10.0392 
n 
10.033207 


10. 032 x 7 
1009222 


— 


10.03243 
0. 03245 
10.032 2 
10.032 
10.032 Hl 
6 


| 10.032 


10.032 


Fe 


Fn 1 
| — — 


10.0097 
1 10-03 104 


10.03 1121 


10.0312 


1.31471 


10.0322 


10.034380 


— 
1 — — — . ˙APL᷑̃1ũ.,  @_—— ———  __ —— 2 — ́ꝓ——— * — 
75 * — - 4 * - - a 
* = — = N a 2 


10.0997 — 


2 


16 — © . 
4 — 


— — 


= —— 


2 — 
— — 


© ia 29 et -* "IS 
. Ro ec 2 


o 
-SA- © 


O 
518 a 8 10,03304 | 19-47 f 
£22 9.3757 10,83 309 10. $3 : 
138 9.37 19.033141 $5436 55 
5 ' [19-0324 83 $3 
"x1 af 4 104307833 10.03330 }1 1 
d | 4 | 18.8998 19-0333 | 1992392 7 
12 . 1 5961883335 þ 1% ©» 
i 9.37 0.38960 { 19-0 $2331} 50 
2 10.38 0.033% | 1942300 5 
8 #7 9. f 82 385 10.033 1 ay 4 
T rs if 9-57 10.38888 | 10.033 0.4226 
9-578 8888 | 10-93350 | 19-42 » 
1 1. 0, 38852 þ 10. s 
| 8 ˙5 15 033 10 47 
1 Tl 8 188438511427 115 
e 8288883375 f 3 
Fe 19.8768 10.3376 94 
| 43 9: | $0.38672 {1 03376 [1042984 
2r | $93382 +7 + 
* 2: 4 3 | 10.386 ” 1903383 $12:42953 41 
| # 4.557 35| 10-03386 | 19-4804 | 40 | 
| z+ | 9.5 L0-33504 ier if 
121 10.385481 22871047987 5 
. "| 9.58 $ + 10.03402 | 10-41 
4329 } 9. 10.33492 | 10.0 | . 30 | 37 
1286 10.284: | 10,03412 |} 10.44 12 
1 10.38421 | 4K 82 35 
F 19324 | 19.9342 PAS | 33 | 
* 74 19:38313 [12:23433 1041777 | 32 
13 4 78.877854 — [3 
133 1038242 10.0 eee | 30 © 
1 10 286188547 diese 
14 13817 23449 10.45 
3 ; 6,024 8512 
c ? "& 19.331 | 454 | 19-4162; 
Þ | 5: Hy. Bd pipe 104x564 | 26 
; 5 8. 9. 9 d N 
x 3 + 1855 ren 5 10.4564 15 
12 [ 8 10-3804 83 [10.4153 | I 
2 e 
+ [4] 10- 78 61 03491 10.414! * 290 
' 44 | LP: 5O 10.03 0 1041282 4 19 
| 4 1 . 2 1 •3 15 10.0 293 10.41 352 | 18 
| = + | 10. ; 3597 } 19-47 i 
181 57779 [19:2 4327 
17 } : 19:37.744 3512 10.412971 . | 
1 1 8 10.035617 x . 16 
| 4 | 40 3262; 187 27 14 
| | 10.3763 19.9 0.41201 | 13 
Ht ape (2nupheguy | 
© f ee 
141 1032496 l 1801 9 
38 19.3747 FI Rees! 3 | 
56 | 10.37426 8 en 
58 680 1.37355 10.035 6 (9.49991 5. 
29 19.3732 | 10-0358 049937 | 4 
_—_—— 10-372 50 10 558 7 0.4875 f S i 
— 19-37215 (ory [1940842} 1. 
Tangent: 1203597 10.408 12 0 
— EO L Secant. =] 


N „ 
1 * 
4 K „„ tr ee ee 4 - 
67 Degrees 
3 8 


7. PROVO, | | ; 
"_ * KRK 


r Degtees. 


[I pe. ſc = 
{- © | 959138 
] x þ 9-59247 
1 2 | 9.59247 
1 3 | 959277 
| 4 | #59397 
| 5 | 9+5933s 
6 9.59366 
| 7 | 959396 
s | 9.59425 
_9 þ 959455 
' 10 | 9:59454 
| xx | 9-59314 
12 959543 
1131 959573 
149.8952 
16 9.89632 
16 9. «$9661 
| 17 | 9:59690 
18 9.9720 
19 2.32772 
20 939778 
| 2x 9.59808 
21 9.39837 
23 9.89896 
24 | 9459895 
| 25 | 9-59924 
26 9.9954 
27 9.599383 
29 9. οj,ẽj 
30 | 9.60070! 
31 | 22 
32 | 1 
| & Loon 54 
<4 9.60186 
35 | 9-60215 
36 9.60244 
37960273 
38 1. 
2. 
4⁰ 77557 
4 9.60388 
42] 9-60417 
43 | 9-60446) 
44 9.60404 
45 | 9-60503 
46 950632 
2 90056 
| | 9.60539 | 
49. 9.60618 
:50 |: 9.60646 | 
* | 9.60675] 
52 | | 9.60704 
53 | 9-60732 
54 | 9-60761 
355 | + 9.60739 
56 9.60818 
57 | $-60846 
58 | : 9.60874 
59 | | 9-60903 
60 | 9.60931 


-0-fine, | 


———_ 


66 Degrees. 


TTo-Sine: DN LE: Co-tang. | Serant, | Co-fecanty. 1} 
5.98453 9-63785] r0.37215 | 10.03597 | 10.4087 | Go ö 
9.96397 9.63820 10. 37180 10. 03603 10. 0% 30 
9.96392] 9.638 55 10.3745 10.3605 0.40054 8 | 
9.96336] 9.63890 10. 37 rog | to. 03613 10.4723 57 
9.96381 9.63925 10. 37074 J 10.03616 10.4693 36 
996376 2 10. 37039 | 10. 035 to. 0664 35 
9.96370 [ 9.63996 f to. 37004 | 10.03630 | 10.406 $4. 
9.96364 | 9.63031 | 10.369694 r0,03635 | 10.407 $3 
9-963604 9.63066 10. 36934 | 10.03640  10.40575] 52 / 
9.96354]: 9.64310t } 10. 0.36899 99 | 10 03646 | 10 40545} 51 
9 963491 9-63135| ro.30865 | ro.03651 $T6.;omr6t go | 
9.96343] 9-631704 r0 36830 | r0.03657 | 10.40486| 49 
9.96338] 9.63205 10. 36705 10.04662] 10.40457} 48. 
9.96333 9.632 10.36760 [10.03667 10.40427]} 47 f 
9.963271] 9.63275 10.35725 4 10.03673 10.403908] 46 
9.96322 { 9.63310 0.36690 to. oz 10. 40368 45 
9.96316 9.63365 4.36655 | 16.03684 110.40339} 44 | 
9.96311 9.63379 10+36620 | to. 3689 | 10,403 104} 43 
9.96305 | | 9634141 10436586 [1903695 | 0. 40280 42 
9.96300 | 9.63449 19.35551 19,03700 | 10440251} 42 
9.96294 9.63484 755776 10. 03706 [10-402421 40 
9.96289 9.63518 10.364871 10.0711 0. 419 39 
9.9684 f 9.63553 10.34% 1,3716 10.4163 38 
9.96278 | 9.63538 { 10436412 | 10403722 10. 40134 37 
9.96273 | | 9.63623 | 10435377 fro. 0379 To. 40956 36 
9.96267 | 9.63657 | 10:36343 | 1903733 0. C 35 
9.96262 * 10. 36305 | 10 03738 [10.40046 |. 34 } 
| 9-96256 | 9.63720 10-3<273 | 10.03744 [10440017] 33 
9.96251 [9.63767 10:36249 | 10:03749 10. 39988 32 
996245 25222 29428 10.037656 [0.399891 321 
— —— | | 1— — jwů 1 — 
9.96240 9. 3930 10. 30 170 — 10. 39930 30 
96234] 9.6865 10.36135 1003766 f 10. 39901 29 

9.96229 f 9.63899 10.361011 10.603771 10.398722 
«96223 | 9-63934| 10 36066 4.03777 F10.39843 | 27 
96218 f 9.63968 | 10.36032 ] 10;037$2 10.398141 26 
9.96212 | 9.64003 | 10.35997 | 10.03788 10. 39785 25 
/ 9.96207 | 9.64037 20435993 10. 0379310. 39756 24 
9.96201 9.640% 10. 35928 0.03798 10. 39727 23 
9.96196] 9.64106 10. 35894 10 3804 f 10. 39698 22 
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38.9. 10.348960 24 
371 19 . 10. 34970 23 
28 9 . to. 3484522 
I. Ae - { 10-34520 | 21. 
40 | 9.55255] 9 6 g-voo8g — 10. 04984 | 10:34795 | 20 
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| 9-67773 9-94417 | 9733561 10-26644 | 10 05583 [2.32227 34 
: 37 | 967796] 9-94410 | 9-733 10.6614 10055901 10+32204] 33 
| 8 5.67820 $-944044 9-73416 10.26 584 10.0559 1 10-32 180] 32 
9 29. GENES EF 
1 9-94390 | 9.73476 10.6524. 56610 10,3134 30 
/ | Ir 9.67890 724553 9.730710. 26493 10.5617 [2110 2 
1329.679743 9735371026463 [40.5624 1032087 28 
33 9.6790 943 | 9.73587 1,6433 fl. P5631 H20-32664) 27 | 
14144 67959 9.94362 9.73397 10.2643 ., 638 10. 344041 26 
J 3 | $:67982 | 9:94355} , 323J 85845 10. 3018] 25 
138 68506 9.94349 272657 10, 2634170. 06661 [10-31994f 4 
{| 37 1.68039 9-4] $-73657] 10-26313 _c> 10.31971] 23 
$4 38 "9.68052 | 9:94335 0+73717 1026283 10 08665; 0.31 22 | 
5 1 Den 10-262 53 | 1005674 } 10431985 | _ 
| j 40 1 9:6 9.9431] 9-73777 1 1026223 10,05079 20-31902] 20 
- - Far Fg G8ir | 9.943147 9-73397} 10426193 [10.05686 | 10431879] 19 
az" [a9:68ra4} 9:94307 1" 9-73837 (20261631 10,05693 | 10-318567 8 
F432 9.68167 994300] 9-73367 16,26133 41005700] 10-31833] 27 } 
\ "F324 4: 63190 994293" 9.7389) | 19426103 | 10:05707 } 1032810] 16 
45 4: 668mg} 9-94486 17 9.73927 | 10126073] 10,05714 10,3787 15 | | 
+: 2 N 9.94790[ 973957 10.884, 10,05721 10.3763] 4 | 
14 11 270 9.73987 | 104260134 10.77 J 10.374 23 | 
1 4 e. 9.9426 9. 7401/10. 25983. 0.05734] 10-31 181 12 
N 0 1427 9.68505 9942594" 9-74047 | 10-25953 $10.05741 | 1031995 114 
50 | 9.6838 9 94252 9.74% 10.25923 10.5748 1% 10 ; 
51 | 9683514 99424 ; 9.74107 10. 23893 10.057554 10:31649 3 
F 52 „68 99423 9.74136 | 10.2 3863 70.765 10.31626] 5 
_ \þ 33%; 9:68397 1. 9:94237 Þ 9-74166] 10,258330 10.05769 [10431604] 7 | 
: 3411]. 968520} 9.94224 | 9:74196] . 5853 15,5726 10.31580] 6 | 
1385 } 9.68443 924217] 9-79226110.25774110 057834 10131557} 5 
| 56:4; 9:68465] 9-94220! 974255 10 237441 10-05790 | 10-31534 4} 
152 9.68489 [ 9:942034 9.7486 10,257144 1005797 | 10:31511 34 
s 58 9.6881 9-947 9.743610. 5684.5 ro.05804 $30-31 2 | | 
59 | 568; 34}. 9:942891 9.743454 40-25955 | 10.05811 10.314691 2 | 
| 4-60 9.68557] 9:94152 |: 9.74375 j 20425625 | 20.05818110-32443}_© | . 
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+ | 9-68603 | 47 72745 Jo.ag5d5 | 10.0834 J 4.31397 
13 844. 9.9461 9,7575353 315 
| | 4 | 953645 7 9.74495 ay 10,05846 I 10.31352 
1 $ 9.68671 | 9:94149 | -9-74524 | 1042 6 19198953 10.3138 
Ideen e 9.74556 19:25445} ee 
| | 2 [368715 [-9:94133 | 9:74g33 $20105407 1005867 13% 321234] 53 | 
[ | 9.68729 9-94126 | , 9.74613 [5387 1905374 n ; 
19. 7 222 9.7 10. 5357 10.058881 4103124 
ö 2 Fee 9.94112 | 9.74673 7% IF 
11 | 9.68807] 9.94105 | 9.74702 [10.25298 | 10.05895 10. 311;3 | 
12 | 9.63829]. 9. 9:74732 | 10-25368 | 10.0 1933270 


14 4 9-63375] 9-940 9+74797 | 1025209] 10,059171 I9.32125 
| | 10. 26179 10-059244$10.31103 
1462920 9.94069 9.74851 4 10.251749 1005537 10. 37080 

2380 10257204 10.0938 109.31058 
9.74910 10-2 50gofJ 10,0945 | 10931035 f 


| 13 | 9-688524. 9, 9.74762 | 10.25238 | 10,05910 [19,311 
N 


/ 9.6 10.059562 1 16, 
[ 19 | 963987 | 9. 3 $952) 10-31013 | 
20 | 9-69010] 9.94041] 9.749 . 25031103952 1820922 40 
| | ar 5.69032 [ 9-94034] 9.74998 10.5001 10,05966 [10.30968 wi! 
| | 22 | 9-@g055 | 9:94027| 9.75028} 10.24972 1 19-25973110-30945 | 38 
| | 23 | 929977 | 9-94020| 9.75088 | 0.24942 | 1905980 $10.30923 a7 
| 4 24 | 9-69roof 9.940125 9.75087 10 10.5988 * 381 
25 „9122 9-940054.9-75117 | 0.4883 | 19.05995 þ 10.3 78] 35 : 
| 26. ] 9:59144] 9-93998} 97574 [2024254 10.06002 | I0.g08561 34 |. 
. 1 25:1 $:59167 | 9.93991 9.767610. 24824 10,06009 | 10. 30833 33 
2b | 9.69189 9.93 - $+75205 | 10-24795 10.0616 0.30811 32 
1-29 - 969272 $:93977 | 975235 10-2476 5 | 10.0602 3 . * 
ET 9-6923F| 9-93970 | 9-75264 |20.24736 | 10-06030 | 16,30780] 30 
| 4-31 Þ 959255} 993963} 9-75294| 1924706} 10.06037 10430744; 22 


279 f 9-75323 | 20424677 | 10-06045 | 20.30721] 2 
| 33 | 959397 | 993948 | 9.25353 1024647} 1006053 | 10.308h9 | 32 
| 1 341, 093231. 9-93941 9475382 | 1042461 3 0.0677 46 
| 1 35 | 959345 9.93934] 9:35411 | 10.24588] 19.0606 | 10,3065 5| 85 
| 4:36 ©]- 9.93927 975441 | 1024559 gaps 10.30632 24 
| . 4-37 1} $:59390 | -9-93919 | | 9-75479 | 20424530 | 7 10. 30610 23 
„694% 9,3972 9.75500 | 104500 40% sg 10. 3088 24 
Dee ar 
—— — — —— 
6 7585477755895 975548 10.24447 | 1006102 | 19.30544} 20 
| 1-41 [| -9-69479 993391 9.7588 20.24412 | 10061094 1630527 | 
1! 1-42} $9501 | 9.933884} 9.756171 10.4383 { 10,06116 $.10-304994 2 
| 1:43} $69523] 9.9387 | 9-73647 | 0.24353 | 10-06124 41030477 
| 44 | 5:29445 | 9-93569)  9-75676 110.24324 1006131 | 10430455 
'|-45 | 9-69567 | 9.93862 | 9.75705 | 10.24295| 10623848433 
1-46 } 9-%9589 |- 9.93855}. 9.75735 1 20.24265 | 10-06145} 20,30411 
{4-47 $. 9:59911 |. 993847] 9-75764 | 10.24236 | 1906153 2% 859 
48 (69633 9.933840] 9-75793 | 10.242074 1006160 [10,30367 


| 

| \ 1.22): 9.69655 292] 9.75322 | 1024178] 10.06167 | 2630245 | 

1 50 9.69677 993826 9.758 12 10. 061 74 10.39323 
9.93419 
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51 9.69699 9.75883 10.247119 10.061870, 00. ? | 
| 34 | 9.69721 | 9.93311] 9.75910 10.24090] 10. 06189 f 0. 30% 
4. 53 959743 9.93804 9.75939 1.24060 10. 06195 4, 086 7 
N 154 225 235597 9.75 — 10. 24031 10.0620 3 | 1030235 | 
55 | 9-69737 | 9:937894- 9-7 10. 24010. 06 10 | 10.30213 | 
ö 5 9.93782 9. 5.23973 [106218 0.30 if 


l 
$7 Þ 9.69831 9.93776 9.76056 10.3944 70. 06225 0,3021 
| 58 | 969853] 9.9376 
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"JT: --Sipe._. | Co-bae. | Tangent. | Contangs | Secant. 1 — » 
 - 3 | 9-69919 222276 9.26173 . 21 10, 30081 5 
2 9.93738 -9:76207 1 1 1.8555 58 
2 9.53751 9.76231 10.3769 i9.06269 | 10.3003 [57 
= 29556 9:93724 9.7625 1.23739 1006276 50 8510 36 
"$ | ess 9.937717 9.76290 | 10. 23710 $0-06283 10,29994, $5}. 
:T | ©9-70028] 19493709] 9.76319 | 20423681 | 16.06291 | 1,9972 54 
17 9.70050 9.97702 9.763 r Fe 10.9980 53 
2 2288 . 9369s 9676377 | 10423623 196825 10,9948 52 
8 9.70093 © 9193 9176406 | 10423594 | 10-06323 | 10429907} 51 
—1— — 1 | . 4 
--20- 9.7075 IT 9-764 51823565 e J 
1970 37 22655 9. 780% 3516 10-06327] 10298647 40 
22 29 909005 756453 ae 19-06335 e 
4 © 9-7 199365 2 55 10.234078 10.0634 f 10.298200 47 
20.365 9.75551 | 1023449 19-06350 1.798 46 
5 9.70424 2.25675 A | 19-234201 es eee 45 | 
76 9.705 9.93636 9.76609 1043321 10.06364 | 10.297351 44 | 
17 9570267 9.93628] 9.766 28 | 10,23361 | 10.06372 149753 43 | 
18 | 970238} 9-93621] 9:76 $$ 10023532 0.06479 10-29911] 42 | 
vi \oneoh 9:936r4 | es 1222 | 10.063 2 4! 
2 | -9-79332 7770 9-76725 1571274 10:06394 | 10,29668, 49 | 
2 5.70353 993599 | $:76754| 10-23245 | 10.06401 | 10,29647!} 39 
| B> 1. 970375 9.93591] 9.76783 | r0:232t 7 | 1006409 | 1029625 38 
24 [*9.70396| '9:9353g| 916812 | 10.23188 | 0.06416 | 10.296 37 | 
24. [9.70418 | 9493577 | 9.76841 | 10.23r59 10,6423 1%9582 36 
+ 9.70439 | 9-93569 | 9.7687 | 10.23130 [0.06431 | 10929561] 35 
26 | 9.7046r] 993562} 9 76899 | 10,23ro7 f 10-06438 | 1049539] 34 
18 | 9.70482 | 9.93554 | ' 976928 | 10.23072 10. 06446 10. 29518 33 
28 | 9.70504} 93547 9-76957 10.27043 | r0'06453 | 10-29496 | 32 
= 285 2 10,23014 to. 646 10.2947 5 14 
40: 79070547 -9-93532 | -9 77015 | 10.22985 0.06408 10.29453} o 
1 9.705 9493525 . 0.77044 1 10.064 5 10.294321 2 | 
978590 9+93517 | 9.77073 | 10-22927 } 10-0940 10.2940 28 
Iden } 9.77107 | 10.22899  16:0þ490 | 10 29389] 2) 
1 9:796331/ 9:93502 | 72734878458 1029357 | 26 
J 9.70654 | 9.93495 9677169 0.22841 too 10.934625 
if 9.70675 "9.93487 9.771 10. 22812 1005513 102932524 
i 2 9.70697 9.98 9.77217 10-22783 | 0.06 5 f 10.2903] 23 
97078 2883. " 9:77246 | 10422754] 0,6528 10.2982 | 22 
4.39 J. 222229 eee 2285 5 9:77274| 19.227206 20:06535 10-29261 ] 21 
* 19.7751] 993457 9.77 18.2807 7,8543 | 10.29239] 20 
1 l 9.70782. 9.93450 9577332 1.22668 10,06550 10.29215 19 
4 7803 9.49% 1006558 109197 18 
33 1 2. 9.93435 977390 10.2567 10.06 5] 10-29275] 17 
44 | 9. 76846 9.93427 {9477418 | 10,22 382] 10.653 10-29154 16 
3 Nase 919420 9,7747 10.2255: 1006580} ren 
4 3 ef net 993413 977470 10.22 524 4] 10,9638; 10.9112 14 
9.7593 | 9.93397 9.77533 10.2467 7 e 12 
2 | 2 2.23299 PEAZE 2 | 19,224384 10.06610 . — 2 
73707 77e 6887 8.7 1% 
| 6 9.70 9 53885 9.77619] 10,2380 10.066510. 9 ? 
32 | 9-71015] 9.93367 9.7 10. 22352 10,6633 10.8985 
33 9.7105 9336 9.77% | t0-22323] % 66410. 289644( 
9.71058 9.93352 9.777056 teste ro. 64 10.894265 
$ 971079 9.93344 |  9-77734 | 10-22 to. 06656 1038947 3 
38 9.77188 9.3337 ©9477763 | 16622237 | 1006663 fo. sg 4 
57 9.7121 9393329 [49-77791 1 10-22208 | 1006671 10.3879 3 
9.71142] 9.933 9.7840 16622180 10,6678 10.288580 
39 an 9.93314 3.27872 to-221511 10 — So + SS 
9.72134] 9.93397 | 9-77877 | 20-22123 | 10.0693 [-10.23816| | © 
— 
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1 Sine. fi Tan Co- 2 ecant | 
* . 
o 71184] 9493307 | 9-77377 | 10.22123 10,6693 10,8876 60 
| x | 9-71205] 9:93299 |/ 9-77906 | 10.22094. 1 10,06701 110.28795 59 N 
e 9.77226 9-93291] 9.77935 110-22065 [r0,06709 | 10.287747 58 | 
\Þ 3 |. 9-71247| 9-93284| 9.77963 | e. 2203) 06776 þ10.28757] 57 
4 9.71268 9.91276 9.77992 10. 22008 10.6724 10. 28732 86 
3 9.77289 9.93269 9.78921 [10.1980 70. 6731 1% 871 5 
6971310 9.93261 | 9.78049 10.219510. 06739 16.286901 54 
2171331 9.93263 928077 [1,2193 1,6247 oss 331 
8 | 9.71332] 9.93246] 9.78106 0.21894 70.006754 10.2864 EY 
9 [2921373 9.932384. 9:781351 20.2 1865] 10.0676z 1.28827 51 $- 
Fo I 9.71393] 9 93230 0781631 10.21837 | 10.06770 | t0.28607 "%o | 
ut þ 971444] 9.93223] 975192 | 10,21808| 10,06777 | 10. 28 586 
: 12 | 9-7 1435 9.93215 9.78220 0.21780 56% 10.285651 as 
| 3 9.71455} 9.93207 978249 10,2175 10.0679 16.285¼4 47 1 
14 | 9-71477] 9+93200 9.78277 10.4 1723 10.06800 10.428523 46 
16 9.77498 9.93792 9.78306 10. 21694 10. 06808 10.8 30 45 
| 16 9.71519 993184 9.78334 10.216661 10.068 16 10.284811 44 
1 9.71539 9.93177 9.78363 10.416371. 06823 75.284671 43 
I g+71560 9.97469 9.78391 10.216609 10.068 31 10. 28440 42 
12. 9715814 9.93161 9.78419 8 10.6839 852849] 45 
20 | 9.71602} 9.93154 978448, 10.21552 | 10,06846 ro.n8398. 3 © 
21 — 9.93146 | 9.78476 10. 21524 J 10-6854 10.428378] 30 
22 9.71643 9.931381 9.78505 10-21495 pug 10.28358 33. 
+23 | 3.71664 9.93131] 9.78533 10.214567 10.0669 l 10. 28336 37 | 
24 | 9.71685] 9.93123 9.78562 | 10.21438 — >| x0.28425 36 | 
2x 9.7% 9.93715 9.78590 | fo. 2140 10.8688 to. 28295 35 | 
2 9.24726 9.93107 | 9.78618} 10.421382 10.0689 3 10. 28274] 34 
| 25 | 9.71747] 9.93100. 9.78647 10.21353 | 10.6900 10. 282 63 3314 
28 9.71767. 9,9302 9.78675 1.21325 10,06g08 10.282331 32 
22. 2.2288 9.93084] 9.78704 10.2 1296 1 10.282132 37 
30 9.718090 9.93077 9.78732 10.2 1268 10.0692 3 10.2891] 30 
zt 9.71829 9.93969] 9.78760 10. 21240 10 06931 10.28171 | 
32 | 9.71850 9.93061 | 9.78789 | 10.2121 1 | 10. 06999 10. 28 150; 23 | 
33- | 9-718704-9+9395 9.78817 } x0.21183 | 10.0694 7 10.28130 27 
34 9.71891 9.9304 9.78845 [10.211551 0.06954 to. 281191 261 
35 | 9-72911 9.93038 \ 9.738874 [10.211365 10,6962 10. 28089 25 
36 977932] 993030 9.78902 | 10. 2109810, 06970 10-8068] 24 þ 
37 | 9-71952] 9.93022 9.78930 10.2 1070 10. 06978 10. 28048] 23 
138 9.7973] 99304 2 10. 1041 10.698 5 10.807 22 | 
. 222 _9-93007 10. 2 103 J 10. 06993 1.28007 <1 
4 9.72014 © 9492999 | "9.79015 10,2098 5 | 10.907001 1827716 29 
4 9. 0 g4 9,9299 71 9.79043 J T0. 20957 10,07009 7965 19 
5720552983 9-79072 | 19209287 10.07017 147945 ws 
43 | 9:92075| 9 92975 | 979100) 19,20900 10.704 1·279 5 17 
44 5.72098 -9-92968 |. 9.79 128 10.20872 | 19.07032 | 70-27904] 1 | 
as 19.721176 9.92960} 9.79166 10. 2084 10,07040 | 10.27884]- 154 
\ 46 | 9472137 2352337 9.79185 10. 208 5 to. oog 10.7863] 444 
4.72157 9-92944 | :9-79223]| 10.207877 1,706 1027843] 2137 
4 1*9572179 | -9492936 | 9.79241 | 19-20759 | 10.07064 4. 27823] 12 ] 
| 49 | 972193] 9-92029 9.79269 10.20731] 1007071 | 10-27802 8. 
705i .9.9292r | .g-792974 10.20703 | 10.07079 10. 778[ 10 
| 51 9.72238 $4 9% 9.79326 10. 2067440. 0708 10.2776 * 25 
1 52 | 9-722591. 9-92 9-79354 10. 20646 A0. 75 1.7741 [8 
$3 | 9.72279 992 vl 9.79382 | 10.20618 | 10.071031 10-27721 7 27: 
$4 | 992299 | 94928 9.79410 | 10. b to. 71111 10.277701]. 6 
35 | 9-72329 9.92881 9.79438 10-205 2 to. orte 10. 7680 (5 
| 56 9.7340 9 92874] 9:79466] 10. 20534 10,07126/ 10.27660 ; 41 
57” 9.74360 9.92 866 9.79455 | 10-20505 }10.07134 10.27640] + 34 
53 952381 9.92858 9.79523 | 10:20477 10.7142 10-27619],.27 
Þ -9-7240r | 9.928 50 9.79351 | 10-20449 | 10-07150 1.19-27599 |... 1 
"by 9.72421 9.22842 Nee g f 10-70421 1.881% 2572 
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57 Degrees. 
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r 
l 9-79579 | 10-204z1 | 10.071 58 
' x |} 9.72447 9.79607 [10.20393 e | | 
*2 1 -9-72457 9.79635 15.2036; $10-07174 }30.27 30 | 
_ 1] '3 |} 9472482 9.79663 0.20337 10. 07182 184275 37 
141. 6.7969 1 10.4039 [10.07190 f 10427498 36 
3 1} 9.72523 9-79779 þ 1020231 [156:07195 | 1027478 | 55 | 
d 2 73548 . 9.79747 [10-20353 [1007205 | 10.27458 | 54 
12 457 2 9 9.79776 0.040. 137027438 53 
, 1 7220. 9.79804 10.0196 0.07221 ots 52 
9 22 9.79332 | 1. 20168 [1.7229 —. %. T; 
7 9.72622. 9.79860] 10.29140 | 10:07237 10,4778 2 
9.72643] 9.79838 10.01 12 |.10-07245 | 19-27357 
1 9-72603 9.79916] 10. 20084 10.07253 | 10-27337 3 
9.72683 9.799410. 200 56 10. % 67 70. 27377 47 
9.72703 25 1020028 10.069 \.19.17299 | 46 
9.72723 9.80000 ro. 20000 0.0727 [0.27277 45 
| 9.72743 9.8008 10.99% | 10-07235 [19-27257 | 44 
17 | 972763 9.80056 | 10. 19944 } 10,7293 0.27237 43 
19.727283 9. 10.199016 10.0701 0727 4a 
972803 9-801 12 1% 19888 | r0.07309 . 
1— — — ; — | — — 
4 9.72323 9-80140 | ro. 1986s | 10.07317 j 10427177], 40. 
974948 9.80168] r0.19832 | 10.07325 | 19-27157 39 | 
9.72863 9.80196 10.1985 10, 3337.17] 38 
9.7288 9.80223 10.197771. 07341 1. 27177 | 37 
9-72902 9.80251 | 10. 19749 | 19-07349 | 10-27098 36 
'] 45 ] 972922 9.80279 10.1972 T 10-07357] 19-27078 | 35 
2b | 4 4 9.80307 10. 1969310. 07365 10.2 7055 
122 7e 9.80335 10. 1966 5 10-07373 708 
28 9.72982 9.8033 10.19637 {| 0.07381 0.2 7018 
29 . . 22 9.803910. 19609 r0.07389 r0.26998 * 
50 | 973022] 980419 | 10-19581 | 16.07397 | 10.26978 
Jr | 973%? 9.80447 10. 19553 19-07405 | 10-26959 
32 | 973991 9.80474 | 10-19526 | 10:0741 3] 10-26939 
32 9.73031 9.80302 10. 19498 10.7421 — Fr 
34 j $:73797 9.80530 10.9470 |\10-07429 | 10-265g9 
| 35s | 973021 9355 810. 7944 10.7437 | 19-26879 
3 9-731 80585 —_— 10. 57445 10.26860 
9.731 330623 10. 193861007454 0. 26840 
| 7 9.73180 9.80642 10.193 58 bay ne. 10.26840 
4.39 9.73200] 9.80669 10. 19371 | 29-07470 | 1026800 
Vas | $73*19 9.30697 | r0.19303 | 10-07478 | 10.26781 | 
4r 9.73239 9.8872 5 | 10. 19275 10.088 10.6761 
42 | 97325 9.80753 | 10.19247 | 10-07494 10. 8741 
43 19.7327 9.80781 10. 192 19 10. 07 50 10.2672 
44 9.73295 9.80808 10, rg192 10. 075rof to. 2670 
| 45 |} 9-73379 9.80836] ro.rg 164 | 10-075 18 | 10.26682. 
) 4 9.73337; 5.3588 10. 19136 10.075627 10.6663 
9733570 9.80392 | ro. 19108 10.0535 10-2664; | 
2 9.7779 9.80919 | 10. 19081 10. 07543 | 10-2662 3 
| 49 1.973396 9.80947 | 10.19053 | 1907551 f 10.26604 
30 | 947347619 g9-80975 | 10-1902; | 19-07559 | 1026534 | 10 
31 | '9-73435 9:31003 | 1.1997 1009567 | 10426565} 9 | 
32 |} 9:73455 9.810310. 18970 10-07575 | 1026545] 3 
1 53 | $73474 9.31058 10. 18942 | 19-07584 20.265464 7 
43 54 1] $-7349% 9.$r086 | 10. 18914 10-07592 10.2606 6 
4 55-4 973573 9.$tr23 | 1013387 | 10.0080 [20-26487 | 5 
1586 9-73533 9.87141 10.788 39 10.608 10.2646) 4 
15717155 9.81789 10. 7188371 1,6161 10.6446] 3 
188 16973572 9.81196 ro-18804 | 10.07524 1026428 | 2 
+ 59 ;| 9-739"! 9.87344 | 0.187764 10.7633 10-26409 | 1 
4 60] _ my 9.81222 | 0.18748 1057641 | 10-26389 0 
; "| Co-fine. 1 Sine. I Co-tang. | Tangent. fCo-lecan: Secant. | M. 


8 * 


DAM. , CR A£ATTEt .. —_— — XJ 
— 1133 
* n 


1 


\ 


* - 


A Were Argfieia 


Tp 


Lines, Tang ——_ 33 Degree! __ 


CCI Ig VC 9 ey 
* - 


* — 22 — * 
C * 


F = angent. } Co-tang.. — [Cen a 
| 2 5155 : —_— 9.81252 10.437 2007041 [10.20389 10.6389 | . 60. 
n 63 : 2 $1279 | 19.1872 1 | 10,09649 þ10.263904 5 
$548 Ne 28 : 10. 18 1 10.863601 5 
21 N 3 875 10. 18665 Less 20,26331 57 
3 Nies 42 9781362 40 7863810 6 ["o, 46307 36 
Ly | : 973799 9.92318 981255 mm 83 2 
nn 295412 os 1087888 
121973727 L＋L 0 2787755 18782535 Serene of 
| £ 211 5 2233 A is 12865 1887775 
s 9. 2 - | 
2 — 0 $1528} 10.18472 10-07723 4 
1 $-9-73995 1 -9-92277; * 5 5 ogy hy 
| in | 973824]. 9-92269: 2111 10, 1275 1007 7 
1 738260 9378878735 3 6) 
] * 971881 8 3.37658 bbc 18362 1007766 
ö 14 . . > 1 " 7 
IF ed ie 2d Pr ond be 
MEE RES Bebe pe a Rv 
[7 | 9:739494 . 9:92219]. 8 79 5 Roll IP. 
ee meadoloeeen 
11 9. 7 . | SS 
ny 9.73997 992194} 9-8r8034 10.1 +4) io moge Tn * 4 
AEB 
on | 45A SN ol: 3.87 65110.18114 10.7851 10.5935 4 
#4 1}, 3740744, 992161], e 8 le 
28 | 11870 3-1 | 9.87988 pe 4 | 10.4 588 44 
wt F- 1 x 1025363] 33 
4 e e eee eee 
18 911. 222172 3285 N 7 10.0887 —. Tt 4 
39 . 392119] 932051] 10. 17949 — 4 
4 8 92111 9.82078 24 10:0788g 30 
18 3 72 92 106 10.1 10.0% 4 
„ 
7 8 9 >| Bc 9-8 32187 1.77839 19.0797 | "27; 
33 | 974346} 9-9 1 1 
| ” 9.82188 1 0. 17812 079 | 
* 974395} 99 077] 9 den 4 
1 1585 2 — % 6.83243 r0.177514 r. ner * { 
37 || 974322] 9:92052] 9847 149730 100 hl 
33 | 9-74347] 992044] 9 118 Th 18 1 
2. Ai e gy 
il ra pet ear Rail bs; 
14 97 £ 0 : 
bs | bank] brem drug 1oa7gs | 2 
41 7 222 3825 4] 1017530 16.8007] 116 
Ny 974458} $9 382480 10. 17511 14857 15 
8 44146 : * 547 1109-19483 10.08 14 
40 9.740 Bhs bf 2 74 8 4 eggs * 
RE ee 
Jo! | 45 9.91951 | 9.82793 10. 17401 10.038049 | FO! bb 
2 1 262 . 10 
RF 
4.52; 5-162 71.991934 27. a i 24 181 ö 8 
ii 785 548) 2 © 16,1729 10. 08083 nt 
AL 21 2727 10. 19266 | 20.08092 0 6 
1984 MICH 248 ett ee . 14 
+ 3.73651 5 227 10.120 eres 10 850 4 
| 5 $75: N 9.3783 28 81 18.1718 10.0817 10.25300} 3 
| 58 duet 44 "1 5.848 16.1715 10.8726 ITO 2 
Fair 3.91886 $4851 1706. 17124] 10.531 34} 10525263} ©'x 
4 <4 41. $55 9.828 118.1 0p" 10.08 143 1025244} o 
bo: 9.747561 9-91 $7] _ 9-52599 118-171 43 244 f 
— - 4 Co-hne. Sine. "Co-tany. \ Tangent. Co- ſecant - DECENT. . 
2 . — ROE — 


* * 
— — — —_— — 
1 
— 2 — 
0 1 
g N » * - 


1 l Ge Tang! 24 Be . 


iz 2 

; "Ir 1; Sine. | Co-line. Tangent — = Coolecant Rd 

EFF 
5 9.74775 991849] 9.8292 


„ 
w 0 
— 


—_ 


10. 17074 Pay ag as of. 
$:74794 9.91840 9:32953 int 10.081 | 19.2 52064 5 
1.4812 9.91832 | 9.82980 0. 100 10, 8168 10,35188 57 
| 9.74837 9.91823] 9˙8 3008 1016992 40% 177 10,35169 56 | 
9.7480 722355 9.83035} r0-16965] 40, of 18 5 10.231501 55 
1 Hoy 8 9.91 __ 9.83062 10. 16938 10. o8 194 10,5132 4 
719.917) 9.83089 i 10,08202] % 3113 53 
4 goes 1 9.83116 2 10,8211 40.5094 52 
9.74924; 9.91785 9.83144} 12-16856, 10-08229! — . 
9.74943 9 917721 9.832714 10-16329 10.0642 10425057] 50 
9 74961 9.91763 9.83198 10. 16802 8 10. 509 
12 9.7480 4 9.33225 0-107 ”" eee 4 | | 
13 9.74999 9-92 746] 9.83252 10.1 19,0254 1,5001 47 | 
1 9.35017 9.91738 9.832795 19. 5 to. 88252 10.2498; 46 
16 9.78036 9.91729 9.83307 0.16693 10.085231 19.324964] 45 
4 9. 7064] 94917204 9.83334 1,1666610. 08280 10.249046 44 | 
17 9.780 7713 9.83261 $10-16639 1,8288 10.24927 | 4 
14 | 9.75091 9-92703 9.03365 45530. 23 oy 42 
T 19] ge751108 9-91 694} 9.83414 [1.165 $! 10.05305 19.2489 4r | 
'[ 20 | 9-75128]. 9.91686], 9.33442 f20.16558 | 10, 08314, r0:248727 4o 
12 | 975247 9.91677] 9.83470] 10 =16530 10,083234.10.24853] 30 
1 22 25218 25455 9.83497 10.16 503 10.8331 10.248335 33 | 
(23: 9.751 9.91660 | 9.33824 10. 16476 10,08340) . | 
4 24 *| 975202; 9.91657 9.83554 10.1644 10.8349 10.4708 36 
1 9.7241 97623 9 5852 10. 16422 | 10.0335 74.10-2477%] 35 | 
| 26 5} 975239]. 991634 9.8305 148 10.05 366 10.476 34 
27 | 9475238] 91625 9.83632 120-16 10,0837 5 10-24742] 33 
48.5276 8 9.53659 8 1 10, 05 383 70.4724] 32 
1 ö 9+75294 9-91608 9.83686 10. 16314 3 424700. 31, 
450 | 983713 [25-16487| 10:38401[ 70.24687 | "50 
30 975313 9.97590 9.83713 79.162870. 8401 10.24 a 30 
131975351 91591 9.83740 10. 16260 r0;08409 10.4669 
, e 
32428355 9.915731 933795 | 10-1640 755 427 11 24532 27 
34 975586 age 9.33322 | 19-16178] 10,0343 5F 10.24614] 26 
a 9.75405] 9.97586 9.83840 10,1675 10.98 | 19-24595] 25 1 
1 36; 92542991542 983876116124 to.o845 py] 19-24577] 24 | 
1 9.76441 9.91638 9.83903 10. 16097 | 10. 98482 10. $59 
| 38 2 9.91530 | , 9433930 10. 16% 10. 08470 10.2454 
2 9:91521] 9.83957 10.1604 10. 10.8479 10.24522 2 
597672 5 r 187754] 70 
3365 9:34911 [10-x5989| 10,8496 19,4486 19 4 


(5 


— 


— 1 
Y a. 
$a. 


** 5 

m we 
Oo wu 
— 


3 
I 


r 


9.91497 10. 15967 | 1008505 | 1,4467 18 
9.91486} 9.84065 184952 10.085714 1.24449 un 
9.91477 9.84092 10. to. 98523 0.4431 16 
9.9145 9.8419 | 10-1 8 10.0853 24 b 
9.91460 9,8446 1015854 | 19.085460 110424395] 14 
9-91451] 9.84173 10.15327 | 10. EE ak? 
9.91442] 9:84200 | 10-15300[ 10. 88558 T | : 
660] _9:91433 9.84227 | 10- TL ne en WA 
| 9+91435 9:342 54 10.15740] 10.08575 0.437 10 

| 991416 9.34280 | 10,6220 10. 0858410. 280 
99747 934307 10. 15 : 10. 89855 | 10,2428 


— 


© te — 


. 
= 1 
th Dees. at Mt tt a hn. rn at tas I CIA — 


9.91398 | 9.84334 10,5666 10. 08602 
9.91389 98436110. 16639 10,0861 10.2424 
9.91381 9.84388 | 10,15614 233 10.244231 
9.91372þ--9-24415 10,5587 1.08628 10,4213 
9.57363 984442 10,1555 10,8882 10.241951 
9.91354 9844690, 15531 10,0864 | 
' 9+9r 345 | 9.84498 10.15504 | 1003655 | 10,241 59 
_9-91335 9-84423 t0.15477 | 10. 08664 2 2 
Sine — Tangent. Co-lecan.! — M. 4 


— f * e 


' | $ 5 Degrees, 


— 5-8 hats 


— — 


— * 
th. 


149 = © w > un ova ae 


o - 

* > K 

225 %' ma» 7 ts a 
PA 


= 


F pw 


A Tab! of Artificial gigen Tang. and Sec. 25 Degrees, 


4M. — r Dang N ant. [Co-lecanc].. ot; 
157 575850 2 7226 9.84524 | 10.15477 10.98664, 10.4414 
192877 9.91328] 9.8455 10. 15450 10.08672] r0.24123' 
2 9.75895 9.91319 9.84576 10.1544 fo. 0868 1 70.24 
[ 3 9.75913 9.97310 9.84603 10. 15397 | 10.08690 | 10. 24087 
4] 9-759311 7301 9.84630 10.1537 agents t0.24069} 56 
1 $ 975949 7 5 — 247587 10. 15343 10.087 | 10.2405! | 
'6 9.75907 9.912 9.846 4 r0.15316 | 10,08717} 10.24033 | 54 
1 72197 985 73274 9.84711] 10. 15289 10.0876 T0. 44015 53 
8 j 9-76003| 9.91267 9.84738 70. 15262 10.8734 1% | 52 | 
9 2 8821 9:91257 _9:84764, 10.15236. 10.8742. 10.23979] 5r | 
0 9.76039 9.91248} 9.84791 10. 15209 10.0875 10. 23961 ] 50 = 
11 | 9.76057] 9.91239 9-34818] 10.15182 | 10.08761 | r0.23943 | 
12 9.76075] 9.91230 9.84345 10. 15155 10.0877 10.2392 5 3 
13 9.76093 9.91221 9.848721. 1573 1988555 10.239007 47 
14 9.76111 9.91212] 9-84899|.t0.151o0t| 10. 08788 70.238689 4 
x 1 2276122 9.9203 9.84925 10.15075 | 0.08797 1.23871] 45 
18 1 9.761 9-911 9-849 52 | 10.15048] 10.038806 | 10.23854 | 44 
17 . 9.911 Sf 9.34979] 10-15021 | 10.088 15 r0.23836} 43 
18 | 9.76182] 9.91176 985006] 10. 14994 10. 08824 10.23313 } 42 
19 | 9.76200] 9-9r167{ 9.85033 | 19. 14967 | 0.08833] 10.23800 | gr 
1 | — — — — — 1 
20 9.56815 a 9.85059 10. 14941 10. 10.08342 | 10. 10.23782 ; 40 
21 3.76236 9.91149 | 9.85086 10. 14914 10, 08851 10.237564 39 
0 82225 9.91141} 9.85173 10. 14887 | 10. 88884 10.3747 38 } 
23 976271 5.91132 9.8514 | 10.14360 | to. 0886 10.323729 37 
| 24 9.76289 9.91123 9.85766 . 14834] 10.088272 7.23211 36 J 
25 | 9.76307] 9.91114 8519310. 1480710. 08886 andes 351 
| 26 J 9.76324 Arp 9.35220 | 19.14780 | to-o88gg5 | 10.23676 | 34 | 
27 | 976343] 9-91096 9.85247 [1014753 | 10-08904] 10.23658} 33 
2 9.76360 9.91 4 9.85273} 10-14727 10. 08913 10. 23640 24 
29 9.76373] 9-91 9.91073 | 9.85300 10.147. 824210. 23622 | 31 | 
30 9.76395 "9-91069 9.85327 10.7473 18.886977 10.2360; 30 | 
qt 9.76413 9.9r060| 9.85354 0.14646 10. 08940 10-23587} 22 
22 | 9.76431] 9.9 061 9.85380 10. 1462 0 10.08949 70.3569 28 
33 | 9-76 9-91042 | 9-85407 | 10-14593 | 10.03953 | x0.23552 0 27 | 
34 9.76466 9.91034 9-35434| 10.14566 | 10.08966 | re.23534f 26 
35 9.76484] 9.97023 9-85460| 10. 1454 10.0897 | r0i23516] 25 b 
| 3* 9.76501] 9.91014 9-85487 | 10-14513 10.08987 | 10.23499 5 | 
37 9.7659 9.91005 | 9.85574 10.14486] 10.08995 | 1.3481] 234 
33 | 9-76537] 9.90996] 9.8554 | t0-r4460 | 10.09004 | t0.23463] 22 
39 j_9:76554| _9-90987 | 9.85507 | 10-14433 | 19:99013 1 10.234461 21 i 
| 40 9:76572 9.9097 9.85594 to. 14406 10.09022 1042842 20 
gt * 9.7690 9.90969 9.85620 10. 14380 10. 0903 10 4316 22 
4 | 9.76607] 9/9096 9.85647 | 10. 14353 1009040 F10.33393 | IF 
| 43 | 9-76625] 9-909s! 9.85674 | 10-14326 10.09 10.233751 17 | 
44 | 9.766424 9-90942 9.85700 f 10. 14300 10.090 10.2335 16 
45 | 9-76660| 9-90933 | 9.85727 | 10-14274 | 10-090b7 | 10.3340 15 
46 || 9-76677 TO 9-85754 | 1c-I4 2 10.233231 14 
47 9.76695 9.90915 9.85780 0. 1420 10-090 $ [1043364 13 
48 9.76782 25080 9.85807 eget | 10.090950. 23383 12 | 
49 9-76739] 9.909896 | 9.85834 1.14188 10.9104 | 10423270 | 11 
50 | 9-76747 | 990837 | 9.858601 10.1445] 10.09113 [10.23253] 10 
31 9.76765 9.90878 9.85387] 16.14r13 | 10.09122 | 10.2327 9 
$2 776355 9.90869 9.35913 | 10. 14087 To. 09131 to- 33180 8 
53-4 9-76 | 9.90860 9.85940 10. 14060 to-0g140 * oy 7 
54 | 976817 | 9.90852} 9.35967 10.245347. 49e. 3] 6: 
55 9.76835 9.90842 9.85993 | 10-14007 on to. 2310 "$1 
56 |} 9.76852 | 9.90832f 9.86020 1613950 10.09463 10.231. 4 
57 9.76870 9.90823 9.86046 1013954 [19.0077 [10.23230 | 3 
{58 9.76887 9.908144 9.86073 f10-13927 | 109.091 5610.231134 2 
1.59: 9.79904 25505 e 10 ee rde ISS +: 
. [2.25922 9.90596J 9.861264 10- 13874 [10.00204[10-23078 | © 0. 
$3 Co-line, | Sine. | Co-tang Tangent, | Ca-ſecan Secant. | . 
G 2 3: OW Degrees, | 


rm 
* 
* 
1 


„ 
52% ad * 


— 


- 


_ * — - 
p 2222 2 — — 
Cf Dee PT * og at 


rin ry 


1 
10 
11 


# 
'® 
' 
0 
Pp. 
* 
4 
p 
J 
# 
* 
* 
| jt 
* 
* * 
FY 
1 
. 
: \ 
2 8 i 
; 4 
i 
. 
, [1 fl 
'E 
- 
1 4 . 
4. 
i 
: 1 Ir 
I 
5 
0 
L 
: 
18 
1 
1 
j ; 
+ of 
\. 8 
BT: 
1% 
T 
+ [48 
3 
*%R 
* 
* 
3 
iq 
f 
5 
| 
\ 
14 
1 
1 


— — — 


3 E ei. a... — 
C — OR — 
1 r 
„ 
* — — 
FO ; 


at 
' 


— 


. 


a Se, Lag 


— 
+ 425 wad 


Deen | 
—— ; A 8 
eee. 10% 610 59 
a 7 — nt 4 oy 19. 230 5 ; 
by MD Seaſon, 7 
2 3 10,13321 10.0923 10,3 3009 5 ; 
_ E 13794 e J 55 | 
| * 9. 10, $ 7 20.09 10. 4 
4 x: 27552 — n . e > | 
. 1. 779 »g0792 {1 8 13 0.092 5 0.2295 
N 14. 7 — 2 E 01 183 8 | 
e 7991 334 I erp $ 1368 99278 | EN 
« % 4 —— 9 41 9286372 e cet n 18279 3 
9 4 #7 — 286 3870. A . | 
| 1 ; $-7798 9-99 219.8 * 1013635 0.09296, 0.2288 3 
5 | BE. 3.72587 9.99713 | 9.963 : t0. 13608 | 19,09306 t9-42870 7 
Y G . bet 2 2 ret yay} [1999313 eg 4 
- [22 2 1 9. 9-90704 9.8 4 9 10.135 10.093 10.22 3 45 
4 22 9-99 6 |. 9-864 10.135 10.093 10. 229 | 
1 130 67 96 70} 2 2 43 
l 940667 2 0.23449 100935 8222 4 
1 3 $1940 222134 e, 5 5 10.0937 —.— | 41 
_ Fad 227787 9.8064 9.56577 10. 13397 10.9380 10.2737 0 
. 9.7719 9.906 39 9.86603 10,13370 8 14% 3 39 
146 — _ 2846“ * 8821 ment z6 
10 7572689 560 | 9+ K 641 6410 35 
1 772 þ 86709 132 | 2264 
; þ 20 — — 346735 * 15 158924640 3 
9 9-99 9- 19.13 10.094 10 | 
+ bar 924 95 83 762 |; 218 $ 513 33 
1 $-27319| 9950 726765 1 15184 1 
11 9477 6 — - 10.13 10. o9 10.22 31 
% 9.7733 9.90565 9-868 13 118 . 0946 1022578] 37 | 
: 524 ] 9.77353 9+9255S 9.86842 10.137133 10. 1.941 2561 30 
1251 77379] 9 . 36858 106 20.2 29 
fam dry 3 Cen wane 
e 999537 e 112.22 10.3519] 27 
14: 1 — — 9.257 9·86927 [10-1302 | 198 10.2249 . 
ws 4 5 
fo 1: 9.7143 4 3697 13009 $29 2476 
| 4132 9-774, 949949 9-87 1017 15 5 10. 2245 23 
24 I Lacs 6. 4 adj et 54810 2 
; 13215444 05 $70 12 0144-444 F945 42 
33 22 gh : 7979 | ane * — — . 
134 77524 8 6 371061 236841 3660. th 20 
| F35þ.9- — 15 937132) tou $447 1209 6 | 10.22391 19 
{| 6129-7 $ | 9-904 37758 [roots 10.09576| 22374 
+3 2755 443 8715 ${ 151A 7} 18. 
181 1 5A et 17 
32 9.775 1 87185 2789 7 4011 
851 27759 e a N55 8 — 4 1042324 74 
BS 2 | 10. 10. 10 I 
* : Fac * 2 957238 1085173 10. 09613 10 22180 | 7 
LES E n 1 
. 8.72 9-90 9-87 10.12 10,09 to. 22 12 
1 9.77660 9.90386 9.37317 1265 09642 222056 
ain — 27281472651 ed 2 11 
$44 9:77994 | 9-9036 9-87369 [10.12604 10.09561 224] 10. 
\ 48 9272 9903 55 $7396 0.1257 10.096-0[1 20 3 
| Fe 722770 9.90349 — a 2 po. 59689 e 
1325 1 N 13525 10.0968 Master 4 
. 75 at 23775 * 21 10,0970 an FP. 
12 ; "17 90 75 1244 7144 2121 
2 224 | 2 | | —_— 287871 1185 12420 12 880 ' 4 
5 233.3 9.90292 987880 10. 12394 10922 9. 22087 1 
1 SE AI 
i h.$5; 77 02 87655 I NA. 
e veep 7 eh E 
1+ 57 277913 0244, 711. +. LCo- 
. 2 21 3 —.— Tangen!. 
bo |-9.77986 — 
; — | 
— 


OS - 
"OO 
tha 


e 


Ws 


—————— 
_—_— 
— Jl. 


— — 
——— 


Degrees, 


| 1 | tahg. | ecant. | 1 
F 
902275 935 5 10. 12262 f 10.09975 10.2037 
998216 9. 417. 12836 10.9784 0.23020 
5.90206 * 90 to. 133 10 18.0794 Ir. 23003 
eng 4 17 Ito. 12183 [10.09 03 110.2198) 
9-90 7 9.87843 10-121 57 | 10.0981; Irc. 2 1970 
1990778 9.87869 o, 12131 0.9822 0.21953 
9.9068 9.87895 | 70. 12105 70.9832 $10.21937 
9.90159 9.87922 Fro.12078 | to 09841 0.31920 
9.90140 9.87048 20. 12052 15 o9851 Fi0.21903 
9.90739 9379744 19-12026 10.098617. 1887 
9.90130 9.88000} r0-12000 | 10,09870 | 10,21870 
9:9orz0| 9.388027 þ10:11973 | 10.09880 16.218 53 
g-gorrrſ 9.88053 to. 11947 | 10.09889 | r0.21837 
9.90101 9.88079 0. 11921 | ro.og8gg 10.1825 
N 9.88050. 11895 10.099 10.421803 
9. 2J 9.88131 70. 11869 10.099 t8 1 10.21787 
9.90072 785 10. 1184 to. 0998 10.2177 
ox ene; ' 9.831841 10.11816 | 10,09937 | f0.21754 þ 
9.90053 | 9.882 10 | 10. 129 f 20.09947 10.2177 
9. 9004 f 9.83236 | 10.11764 | 10.599 57 1.27740 
9.90034 9.88262 0. 11738 N10. 09956 10. 21704 
9.09241 9.88289 0. 1711 10. 09976 10.321689 | 
| 9.90014 | 9.88315 10.1168 5 10,099 6 | 10,21671 
9.90005 $3334 10.7659 10. 09995 0.2165 
9 9995 9.338367 | 10.11633 | 10, 100056 [10.2163 
9.89985} 9.88393 | 10.11607 | 10:T00t 5 | 10.21621 
9.39976 9.884200. 11580 | 10.10044 $10-21605 | 
9.899667 938446} to.11554 10. 10034 19.278806 
9-3ngs6 | 9.88472 10. 11528 | 10410044 1021572}. 3 
9.39947 9.38498 | 10,11502 | 10.40053 f10,.21555 
| 9.39937} 9.88 52410. 1147610. 10063 [10.1539 
235973 9.885 50 to. 11450 r0.10073 r. 215224 
9.39918 9.887610. 1424 10. 0010. 2 1506 
9.89908 338853 to· 17397 þ19.10092 10. 21490 
9.89 35 9.88629 10. 11371 10. 1010 0.21473 
| 9.89888] 9.88875 10. 1134510. 10773 10.2147 
9.89879 9.988681] 10.1319 10. 10121 0.21440 
9.89869} 9.83707] t0-11293 10. 10131 310.214 
9.89859 9.88733 10. 1146710. 10141 e | 
| 9-395 9.8 759 10. 11241 [10.10151 15.7397 
9.89840 9.887 0. 11214 T0. 10160 10.2137 
9.898 30 9.888 1210. 1118810. 10170 10,2135 
989820 9.88838 10. 17162 10. rolf 10. 213424 
9.898 10 9.88864 10. 11136 10. 10190 f 0.21346 
9.39801 | 9.888900. 11110 10. 10199 0.21309 
8979 9.889 1610. 11884 10. 10209 0. 21293 
39707 9.889420. 11058 | 10. 102 19 | 10. 21277 
9.89771 9.88968 10.115321, 0229 0. 21267 
651 9.89261 988994 [10-1006 10.10239 | 19-21 
9.39752, 9.890200. 10980 10.1024 10.421228 
9:39742 | 89046 10.109541 10.7025 10.212 12 
9.89732 518907310. 10927 0. 102 58 10,1195 
9.39722 | 9.899099 10. 1090110. 1228 [10021179 
9.99772 95 125] 10. 10875 to. 10288 to. 21763 
9.89702 9:39t51 10. 10849 fo. 10298 | 10.211 
| 9.89693 12285 ro 108234 10. 0309 f 10. 21131 
989683 9.39203 10. 1077003 % [16-211 14 
9.89673 9.89229 10. 10% 10 r0g27 [16427698 
9.89663 3532 55.45.10 en 
9.89552 _ 9.89281 10. 1019 | 10.10347 0. 27066 
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1 78967 
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9.78999 


9.79256 
9.792 
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9.79304 
9.79319 
9.79335 
9. 17 
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9.79463 
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Ai of Artigeil Binge, Tang. and Sec. 39 Degrees. 
I. | ine. | Co-fine. Tangent, | Co-rang, | Secanf. I Co-lecant} f 
& 9.79887 9-39959 9-908 37 10.916310. 109 5 | 10.20113 
i 1 | 9.7999 9.89049 | . 9.90863 | 19-097137 | 10.10 8 10.00 7 
i 2 94.7991 9.89030 | 9.90889 | 10.0917 OD 10. 20082 
3 | 9:79934| 8 0 9:99914 10. 09086 78. 10980 10. 20066 
4197995 + 91 9.90949 | 10.09060 ['To. 10991 10.20050 Þ ö 
s 8.79985 95 999 9.90966 10.934 10. 1001 10. 20035 ; 
2 9.79981 9.889 9.90992 } 10,0 OO! 10.11011 10. 20019 54 ; | 
9.79996 | 9.88978 9.91018 [10.0 982 |16.11022 ro. ad, 53 } 
$ 9.30012 | 9.88968 Det 10. 08957 10.11032 10. 19988 52 
1912380027 9.88958 9.91069 | 10.0393 | 1-11942.12223 814 
110 7 9.38948 | 9-91095 | 0.089051. 11 f 19.199357 50 
It |. 9.8005 | 9.88937 9.91121 | 10.0879 | 10.11063 10.1994 5 
12 | 9 $0074 | 9-33927 |. 9-91147 10.08853 | 10. 110 3 0.19926 3 | 
13 | 9.80089 | 98891791173 10.0882 | 10.12083 | 1. 19911] 4 
14 9.80105 9.88906 |. 9.91198 1.08802 10,1094 1,9835 46 
1 9.80120 9.88896 9.91224 10.087764 10, reg 10.1988 45 | 
I 9.80136 | 9-33386 } 9-91250 10.08750 | 10.1 1114 5 10.198641 4 ; 
uy 9-Sorgy 9.38875 | 9.91276 |10.08724 10.rrr25| 10.1984 |: 43 | 
'4 | 3 30x86. 9.88365 | 9.91301 [20-08699 | 10.x7x35 | 1019834 Þ' 42 Þ 
10 9.80182 2.88855 9.91327 | 19.08673 [1.11145 | 10. 19818 41 ö 
20 |. 9.380197 | 988844] 997353 10.08647 8 10.7983 4 
21 1 9.802 13 988834] 991379 10.0862 1 10.111 519787 | 39 | 
* 9.30228 |. 9.88824 9.9744 19-08 596 1,1 610.1977238 
23 9.80244] 9:38313] 991439 10. 0857 10. 1118710. 197561 32 
24 | 9.80259 | 938303 | 9-914 6 1005544 10,11197 [10.19741} 36 
25 |. 9.80274 9325 9.91482 r0,08518 | 10.11207 10. 19726 35 
126 9.80290 9-88782 [ 9-91507 10,08493 | 1. 11218 10.19 210 34 | 
27 9.803056 99-8877] 991533 10. 08457 10. 11228 to. 19695 33 | 
28 9.80320} 9. 87611 9.91559 10. 08441 10. 11239 10.2808 32 4 
29 || 9-80336| 9-8875r | 9-91585 10.0841; | 10.1124 1.9664] 312 
20 1. 9.803514 988741 991610 10.08390 | 10. 1125910. 19649 30 = 
3 * $0466 | 9.88 730 | 9-91636 10.08364 | 10: £1270 mark 244 2 | 
32 9.80382 9.88720 991662 10. 08338 10. ta80 10. 19618 28 
33 9.80397 9488709 | 9.91688 1.08312 1.11292 10. 196031 27 
| | 34 \ 9 804124, 9:85 99 ' 9.91713 | 0.08287 1051301 10.1888 26 
35 380428] 9-$8683 2.51735 10.082611 10. 11312 1019572] 26 
136 9.8044 9.88678 . 9.91765 10.03235 10,11322 [1,9557 24 ” 
37 3.5450 9.88668 9.917911 %8299 1011332 10.1942] 23 i 
33 | 980473]. 988657 9.91316 [10.03 184 [10411343 [70-19525] 22 | 
390 9.80489 2.88647 2.2842 10.081588 10.123831 21 | 
40 4 9.80504 | 988636 9.91368 1009132 10.113641. 19496 20 b. 
| 41. | 9-80519 9.38626 | 9.91893 10.08 107] 70. 11374 1919485 19 
42 9 $0534] 9⸗886715 9-91919 10. 0808 f 10,1385 10.194656 18 
43 9.80650 9.88605] 9.91945 f10.08055] 10-113951 1945 17 
| 44 |. 9.80565]. 9.88524] 991977 ro. o8o29 ro. 1406 10. 19435 16 
| 45 [9.8058 9-385 9.91996 | 10,08004] 10.114161. 19420 Is ] 
46 9.80595 9-88573] 9-92022 10.0078 ro. 11427 [[19.19405 5! 14 
| 47-4, 9.80610 9.88563 9.92048 10-07952] 10-11437 10. 19390 11 
43 | 9.80625 | 9.88552] 9-920731 29-97927 10.1448 [1019375] 12 } 
49 9.80641 9.88542 4 9.92099 10.0791 10.11458 1019359] 11 | £ 
[ — I — 1 
5t 5.80621 9.88521 9-927 55 10.078 50 10.11479 10.9329 e 
52 9.80686 9.83510] 9.92176 10.07824 10.1149 7e. 19314 . 1 1 
53 {| 9.80701 9.88499 992202 10.07798 10. 11501 | 10.192 * 7 
$4 | 9.80716 |. 9-38 9 ' 9.92227 | 10.07773 [1011511 ro.rgab4 | "6 
55 4. 9.80731 | 9-$8478] 9-92253 1 29-97747 [9,4522 10. 19269 5 | 
55 9.80746 988468]. 9:92279 [39-97721 70-11 532 20,19254F 4 | 
57 | 9.80762 | 9.88457 9:92394 10.07696 | 0.11543 1110, 19238] 3 | 
53 9.80777 9.88447] 9-92330 [10,97670| 10.1T 55310-92234 2 
8 9.8092 988420 28 22 10. 11564 10. 8 _ 1 = 
9. 71 9.88425 9-92391 4 .10-97919 1128 10.149193 © | | 
| fe Sine, | Sine. 8 An. Co-ſceant]- Secant. TW 


50 


— of Anibeia goss, Wr ger eye: 
e.. IAR | D Co- ang | Secam, C0 — — 
1 pens . 1887679 58 77575 76.29 53 = 
9.30824} 9,8846 9.92497 10. 9759310 115 : 10. 19 T 59 
9.80537 884 $024 10.756770. 12596 10,1963 58 
| 9.80852 | 988324] 9-9 10.542 | 10. 11566 10 73753 57 
9.8587 9-85383 | 9.92454 10 07516} 10.11617 | to.19133Þ} 36 
9.8088 | 9.383372 þ 9.92510 f10.07490f 0. 162810. 19178 $5 
9.8897 9.33362| 9.925351. %65 1% 11638 16.19163 | 54 
9.89912 9.8335 9.9251 [10.07439] 1% 11635 10.29088 f 52 
9.80927 9 38340f . 9.92537 1.07413 1911 16.19073 | 52 
9.30947 1 222812 10.0788 10. 11670 10. 19058 2 
7 1 988319 777540 18.573552 18 1168141 50 
7221 9.88308 9.925 1 10.07337] 0. 11692 10. 77 49 | 
bh 8 71 9.882981 9.92689 10.073115 19:11702 28578 3 
9 81002 288287 9.92715 0.07 85[ 0,1713 11 47 
| 9.817 9.88276 9-92740 | 10.07260] 1011924 . 825585 46 
prog 9.88266 9927 6] 10.072 34} to. 1734 10-18968 | 4 
HE! 9.88255 9:92792 [1007208 10 1173 10.2854 3 
; 9.81061} 9.88244] 992837 [1007183 | 10.211756] 10. 18939] 43 
9.81076 9.38234 eg 10007157 3 10 125566 10.18924, 42 
g'81091 | . 9.382234 9. 9-92868 10.071 343 | 1011777 — 2 41 | 
718 9.88212 9.92394 rowo7ro6 .o. 16. 18894. 20) 
9.311214 9.33201 | 992920 | 1007080 10. 1799 1.18879] 3 | 
"ge $1236 9-83191 9.929456 | 1007055 0. 11809 f 10.158 4 30 | 
Ces + | 12 9.92971 | 10.07029 to. 118201 10.188449 37 
9. ri 9-33x69 | 9.92996 10:07004 10.118371 10,18334] 36 
3.87780 | 8.88758 9:93022 } 10407978 | 10.1284 | 10:18820f 35 
| 9.81295 | 9-38248 9 93048 | 10.07952 rd 1018805} 34 
$1210} 9.33137 | 9.93073 1007957 10.17 10:t8790 31 
18226 9.88726 9:93099 1 1011824 | 1018775} 32 | 
20 | 9 $1240 9:38:15 } 9:93124 9.931241 10.07 6 10.118 - 1818780 31 1 
| 352 1234 9.88r0gj; 993150 10. 06f 50 10.1895 $0:18 770 30 
1 + 2728057 9.93175 | 1906825] 10. 119 0.18731] 29 
N 3.37434 9.33083 | 9.93201 11967 10.119121 20.187164] 28 
9 81299 9.88072 |. 9493227 | 19406 27 10,1198 18 78701 27 
E 9.88063} 9.93252 10,0674 youtt 1839 18.788586 26 
9.8132 | 9.88050] 9.93278 1006722 18 1949 10.1862 25 
5.81346 5,884 9.5330 10,6697 15,1 1960] 10.8657 24 
1 4 |, 9.93329 0. 066711 10, 11971 10.186422; 
9.81372 9.88018 9.933 4: 10, 06646 10. 11982] 10. 18628 22 
Saz 06620 12.4222 10. 18613 wy 
9.91406 10-06 594 10. 12004 10.1898 20 
9.93437 70. 252 10, 12015 10. 18583 19 
9.93 Mage bog. 10. 1402 5 1%½8 5] 18 
993482 10.865 1 10. 12036; 10.1854] 17 
9.93505 e ro. 19567 1018539] 16 
9311 847 10, 14058 1,8525 15 
9.935594 10, 44470. 13059 f 10.183510 14 
9.935 4 10.0646 f 10. Hol iq 18595 13 
| 9.93610! 10. 57 10-1309 10 18481 12. 
9.93635 10.863641. 14102 — 325 11 
— — . — I — 
9.93667 10:06339 1787787725 1918451. 10 > 
94936837) 2,000 af 10,4123 1015 12 
9.93714 10,0629 10.1134 10-18 224 8 
9.63738 10 06262 10.713745 10. 18408 $4 
9 93753 10,062 370 t0-127% « 10.1339 6. 
8.8855 10,6211 10,121 10. 18 $444 5 
9.938 14 10. 06186 181 10, 18364] 4 
87847 - $+93840 10.06r6oJ 2c. 189 10. 834% 3 
9⸗83865 10 06135 10, 14200! 10.1833 5 2 
1 993592 10.96109] 10412211 16:1$320| K 
9 93916 10.6084 10.122232 —— 0 
11 Tangent. To-fecent,| See 1 M. 
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1 = ns — — Co-Tecan: j 
0 |= 9-877781 9.93916 10.06084 10. 12222 10. 18306 
1 9.81709 7767] 9.9394 10. 060 f 10. 12233 10.1891 
92 xs | 9.87756 9.93967 [10.06033 | 10. 12244 | 10.8277 |- 
3 | 9-3$15;3$] 9.87745 9-93993 10. 06007 r0.12255 | 10.18262 
4 9.87752 9:87734] 9.94013] 10.05982 | 10.12266 | 10.18248 
5 9.817% 9.99723] 9.94044 | 10.059 56 10. 12227 0. 18233 
6 987781 9.87712 9.94069 10. 05931 10 12288 0.18219 
7 9.81796 | 9.87701 | 9.93095 | 10.05905 | 10412299 | 40. 18204 
9.381810] 9.87690 9.94120 j 10.05880] 10. 13310 10. 18 190 
9 | 9.87826 9.87679 2. 4 10. 8854 10.123211 10.18 173 
to 9-81839 9.37668 |."9.94171 | 10.05829] 18.7437 20:18161 
21 | 9818 9.876 57 [9.93197 [19.05803 | 10.22343 | 10-18146 
12 | 9818 9.37646] 9.94222 #10.05778| 10.12354 | 10-18134 
13987882 9.87635 | 9.94248 [10.057562 10. 22365 10. 1878 
14 9.81897] 9.87624] 994273 (49-05727 | 20-12376 10. 18 03 
g 15 9 $1912 | 9.87613 9.94299 |.10-2570r | 10.12387 | to. 18089 
16] 9819264 9.87601 f 9.943247 10,676 10412399 | 19.18074 
17 | 9.81940 9:37 590 | - 9:94350 10. 56 f0 10. 12470 10. 15000 
18 9.84954] 987572] 9˙94 575% 5625 10,247 10. 18046 
29 | 981969 ee ee eee [10.1343 eee 
20 | 9-$1983 | 9•87557 9.94426 10.057410, 2443 0. 18017 
21 981998 9.87540 9.944521. 65548 10. 2454 10.18002 
22 9.32012 9.875358 9,9447710. 05523 10. 12465 10.7988 
23 9 $2026] 9-87524 9.94503 0.05497 10. 12476 10.727974 
24 9.82041 87513 9.94528 | fo. 0847 10. 12487 10.7959 36 
25 9.820556 9.875 1 9:94554 | 1.05446 10. 12499 70. 17945 
- 26 9.82069 9.87490 9.94579 10.0542 f 10. 12510 10. 17931 
2 9.32084 | 9.87479 9.94604 10. 05396 to. 12521 10. 17916 
28 9.82098 9.87408] 9.54630 0. 05370 10.12 532 | 19.17902 
29 | 9-$2112 | '9-37457 | -9.94655 | 10-95345 19-12 543 | 19: 173888 |. 
36 9.82126 9.87446 9.94681 | 10.053719 1c,12-g4 [1017874 
31 | 9.32141] 9-57434| 9.94706 | 10.05294 | 10512566| 10.17859 
32 9.82155 9.87423 9.94732 | 19-05268| 10125774 . 17845 
33 982169 9.87412 9.96757 10.05243 to. 12588 10. 17831 
34 CENT 9.37401 | 9.94783 | 10.052174 10-125994 10.178761 
35 | 9-32198| 9.87390 9.94808 | 10.05192 | to- 1260 10. 7802 
36 2 9.87378 9.94834 10,5166 0 12622 ] 10. 7388 
37 9.82226 987367] 9.948 59,0514] 16412633] 1017794 
38 4 9.57356) 2 3 10. 1776 
eee, 10-1265 5310-17745) 
140 9.82 2269 987334 9-34935 fs E 10.1773 
40 9.82283 9-87322 9.949614 0.03039 10. 12698] 10.17717 
42 Sor” — 9.8731 9.94986 10.5014 10 12689 10.7703 
1.43 9.82371 9.87300 f 9.95014 fe. 00s % 10: 19639 
| 44 9.82326 987288 9.58537 10.0496; | 10,710. 17674 
46 9.5234 9.87227 9.8552 10.0938 | 19,1272; 10. 17660 
46 9.82354 987266 9.9g088[ 19-049 r2 0.12734 10. 17646 
47 9.82368 [987256 9.951; o. 04887 6.127450. 7632 
4s 9.82382] 9.87243 9.95394 10. 8 to. 12757 | 10.176r8 
49 9.82306 222 229 10.048 z6 | to 12749 [284 
50 9.82470 9.7727 l 10. 1 10. 12790 f. 17590 
51 [9.82424 9.87209 9.982151. 047850. 127971107576 
52 [9.82439 9.87198 9.95240 £0.04760| 10:12802 e 
33 |. 9.82453} 9.87187 9.97266 10.047340 12873 . 7347 
54 9.824679. 17137 9.9 829 |198.04769 | 10-123254 1017533 | 
55s 9.82481 9.87764 9-953174 1½ 4687 10 1283610. 1/819 
58 [9.8295 3472735 9.95 34a | 39,04658 2847; 
57 J 9.82 809 9.8741 9.95368 — 2 7059 1% 7491 
58 9.82523 8.87130 .98393 — 04 10.128 1. 
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